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EXPERIMENTAL  CHEMISTRY. 


CHAPTER  IX.  {Contiiwed.) 

or  METAL8. 

DIVISION  II. 

JdETALS  THAT  ABSORB  OXYGEN  AT  HIGH  TSMPSBATU1USS»  BDT  DO 
NOT  DXCOMPOSE  WATER,  EXCEPT  AT  A  RED  HEAT. 

SECTION  XIV. 

Manganese. 

Manganese  never  occurs  us  a  natural  product  in  a  metallic 
•state ;  the  black  substance,  known  in  commerce  by  that  name* 
being  a  compound  oF  manganese  with  a  large  proportion  o 
oxygen.  It  is  by  no  means,  however,  a  pure  oxide  oFmanga- 
nese,  for,  besides  carbonate  of  lime,  which  is  occasionally  pre- 
sent in  it,  it  contains  also  oxides  of  iron,  copper,  and  lead,  and 
sometimes  a  small  quantity  of  baryta.  To  purify  it,  equal  parts 
of  manganese  and  sulphuric  acid  may  be  heated  together,  till 
the  vapour  of  sulphuric  acid  ceases  to  appear.  A  solution  of 
the  residuum  can  of  course  contain  neither  baryta  nor  lead,  and 
•consists  only  of  the  sulphates  of  manganese,  iron,  and  copper. 
To  remove  the  two  latter  metals,  pass,  sulphureted  liydrogea 
through  the  solution,  and  then  concentrate  it  by  evaporation. 
Spirit  of  wine,  containing  from  80  to  90  per  cent,  alcohol,, 
divides  the  solution  into  two  parts,  the  lower  of  which  sooit 
deposits  sulphate  of  manganese ;  and  from  this,  carbonate  of 
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S  OV  METALS.  CHAP.  IX* 

potassa  precipitates  carbonate  of  manganese,  capable  of  yield- 
ing all  the  different  oxides  of  that  metal.* 

Mr.  Faraday  has  employed  a  simfder  process  for  obtaining 
oxide  of  manganese  in  solution,  without  any  other  metal.  It 
consists  in  heating  excess  of  common  black  oxide  with  mu- 
riate of  ammonia  in  a  crucible.  The  chlorine,  which  is  disen- 
gaged, seizes  the  manganese  in  preference  to  any  other  sub- 
stance; and,  on  adding  water  and  filtering,  a  pure  solution  of 
muriate  of  manganese  is  obtained.  No  iron,  copper,  or  other 
metal,  is  taken  up  so  long  as  any  spare  oxide  of  manganese  is 
present.  From  the  solution,  bi-carbonate  of  potassa  throws 
down  a  pure  carbonate,  from  which  the  carbonic  acid  may  be 
expelled  by  heat.  (Quarterly  Journal,  vi.  358.)  If  iron  be  al- 
ready in  a  state  of  solution  in  sulphuric  or  muriatic  acid,  along 
i¥ith  manganese,  the  two  metals  may  easily  be  separated,  as  Mr. 
Hatchett  has  shown,  by  ammonia,  which  throws  down  the 
oxide  of  iron,  but  forms  with  the  manganese  a  soluble  triple 
salt.  The  most  improved  method  of  effecting  this  separation 
will  be  described  in  the  section  on  the  Analysis  of  Minerals. 

From  the  oxide,  metallic  manganese  may  be  obtained  by 
mixing  it,  after  being  finely  powdered,  with  pitch,  making  it 
into  a  ball,  and  putting  this  into  a  crucible  with  powdered 
charcoal,  one  tenth  of  an  inch  thick  on  the  sides,  and  one 
fourth  of  an  inch  deep  at  the  bottom.  The  empty  space  is  then 
to  be  fifled  with  powdered  charcoal,  a  cover  is  to  be  luted  on, 
and  the  crucible  exposed,  for  one  hour,  to  the  strongest  heat 
that  can  be  raised.  Mr.  Faraday  has  succeeded  in  obtaining 
metallic  manganese  in  large  globules  from  the  triple  tartrate  of 
manganese,  by  heating  it  in  a  crucible  in  a  wind  furnace  per  se. 

Tliis  metal  is  of  a  dusky  white  colour,  and  bright  and 
shining  in  its  fracture.  Its  specific  gravity  was  found  by  Dr. 
John  to  be  8.013.  It  is  very  brittle,  and  even  less  fusible 
than  iron,  requiring  a  heat  of  160°  Wedgewood  to  melt  it* 
It  is  not  attracted  by  the  magnet ;  except  when  contaminated 
with  a  small  quantity  of  iron.  When  exposed  to  the  air,  it 
soon  crumbles  into  a  blackisli  brown  powder,  in  consequence 
of  its  oxidation,  and  becomes  in  succession  grey,  violet^ 
brown,  and  finally  black. 

•  Ann.  of  Philosophy,  N.  S.i.  ^. 
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I.  Oxides  of  Manganese. 

There  is   a  reixuu*kaUe  want  of  agreement  in  different 
atatetnents  of  the  composition  of  the  oxides  of  manganese,  and 
even  of  the  number  of  those  oxides;  and^  as  it  is  not  easy 
to  dodde  which  is  most  to  be  relied  upon,  I  shall  give  the 
results  of  several  anafysts,  in  order  that  the  reader  may  ex- 
ercise his  own  judgment  on  the  subject.     Sir  H«  Davy  adr 
mits  only  two,  one  of  a  dark  olive  colour,  consisting  of  21 
oxygen  to  79  metal ;  the  other  of  a  dark  brown  colour,  con- 
taifUi^  almost  10  per  cent,  more  of  oxygen.'*^     Dr.  John,  in 
a  nieiaoir  published  in  the  2d  and  Sd  volumes  of  Dr.  Thom- 
son's  Annals,    enumerates  thfee  oxides  of  manganese,  the 
green^  the  brown,  and  tlie  black.     The  green  is  formed  by  the 
action  of  metallic  manganese  on  water,  from  which,  he  asserts, 
that  it  takes  oxygen,  and  disengages  hydrogen  gas,  apparently 
holding  some  of  the  metal  in  solution.     The  brown  oxide  was 
formed  by  exposing  the  last  mentioned  one  to  the  air«  till  it 
ceased  to  gain  weight,  and  then  drying  it  quickly.    The  third, 
or  llack  oxide,  was  prepared  by  dissolving  manganese  in  nitric 
acid,  evaporating,  and  drying  by  a  heat  sufficient  to  expel  the 
nitric  acid^  bpt  not  to  decompose  the  oxide.  The  brown  oxide 
stUl  continued  to  absorb  oxygen,  when  exposed  to  the  atmos- 
phere; but  the  black,  when  ignited,  gave  oxygen  gas.     The 
composition  of  these  oxides  is  stated  by  Dr.  John  as  follows : 

Metal.  Oxygen.  Metal.  Oxygen. 

Ifttoxide  (green)..  87       ....13       100  ....   14.942 

2d axide(brown) . .  80      ....  20       100 25. 

3d  oxide  (black) .,  71.33 28.67 100 4019 

BerzeKusf  admits  the  composition  of  the  green  oxide,  as 
stated  by  Dr.  John,  with  a  slight  alteration ;  but  corrects  that 
of  the  second  and  third,  and  adds,  aIso,  two  other  oxides,  the 
one  with  less  oxygen,  and  the  other  wiih  more  than  any  of 
those  vhi<;h  have  been  already  cited.  The  first  is  obtained  by 
exposing  metallio  manganese  in  a  vessel  loosely  corked ;  but 
there  can  be  little  doubt,  fyom  its  properties,  that  it  is  a  mix* 

#  JlA^s»$^XB  of  Chens.  Phil,  ^GQ.  f  87  Ann.  deCbiin.  149. 
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ture  of  the  metal  and  the  green  oxide.  The  second,  described 
also  by  Dr.  John,  results  from  the  action  of  water  on  metallic 
manganese ;  the  third  from  the  action  of  acids ;  and  the  fourth 
from  calcining  the  nitrate.  The  fifth  and  last  is  the  black 
oxide  of  manganese,  which  is  become  important  from  its  use 
in  preparing  chlorine.  By  exposure  to  a  strong  heat,  100 
parts  of  this  oxide  lose  11.S  of  oxygen,  and  a  red  oxide 
remains. 

Berzellus^s  Table  of  the  Composition  of  Oxides  of  Manganese. 
Metal.        Oxygen.  Metal.        Oxygen. 

1st  oxide 93.435 .  •    6.565 100 . .    7.0266 

2d  oxide 87.68    . .  12.32    100  • .  14.0583 

3d  oxide 78.10   ..21.90    100..  28.1077 

4th oxide 70.50    ..29*50    100..  42.16 

5th oxide 64.00    ..36.00    100 ••56.215 

The  numbers  in  the  last  column,  it  may  be  observed,  stand 
to  each  other  in  the  proportion  of  1,  2,  4,  6,  8.  But  if  the  first 
compound  (as  appears  to  me  highly  probable)  be  not  a  distinct 
oxide,  the  ratio  will  then  be  that  of  1,  2,  3,  4.  Gay  Lussac, 
indeed,  has  expressed  his  conviction,'*^  that  the  two  first  oxides 
do  not  exist ;  and  that  there  are  in  reality  only  three ;  1st.  the 
protoxide^  obtained  by  dissolving  manganese  in  diluted  sul- 
phuric acid,  and  precipitating  it  by  a  pure  alkali  out  of  the 
contact  of  air :  2d,  the  deutoxide^  which  remains  after  cal- 
cining the  peroxide,  or  the  greater  part  of  the  salts  of  manga" 
nese  ;  and  3d,  the  peroxide,  or  native  black  oxide.  And  Ber- 
zelius  himself  is  now  disposed  to  relinquish  the  two  first,t  and 
to  admit  only  three  oxides  of  manganese,  with  quantities  of 
oxygen  corresponding  to  the  three  last  in  the  above  table ; 
the  protoxide  (the  3d  of  the  above  table)  being  green,  and  the 
two  others  black.  The  red  compound  of  100  parts  of  mait- 
gnnese  with  37.47  oxygen,  not  agreeing  with  the  law  of  de- 
finite proportions,  he  considers  as  a  mixture  of  the  two  first.^ 

An  able  investigation  of  the  oxides  and  salts  of  manganese 
was  published  by  Dr.  Forchhammerin  1820,  in  an  Inaogural 
Dissertation,  <'De  Mangano/'  of  which  an  abstract  may  be 
found  in  the  Annals  of  Philosophy. 

*  Aij^  de  Cbim.  et  Phys.  i.  39.         t  Ibid.  V.  150.        }  Ibid.  vi.  904. 
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1.  To  obtain  the  proioxide^  a  glass  tube,  open  at  both  ends, 
ivas  filled  with  deutoxide,  and  heated  over  a  lamp,  while  hy- 
drogen gas  was  passed  tlirough  it.  The  brown  powder  soon 
changed  to  a  light  3'ellow,  which  colour,  while  the  powder  was 
cooling,  became  white,  and  the  powder  when  cold  was  of  a 
beautiful  light  green.  Its  colour,  however,  soon  changed  by 
exposure  to  the  air,  and  when  heated  below  600^,  it  was  re- 
converted into  deutoxide,  burning  slowly  with  a  reddish  light, 

2.  The  deuloxidcy  according  to  the  same  author,  may  be  ob- 
tained by  exposing  the  pure  carbonate  of  manganese,  during 
a  long  time,  to  a  red  heat  in  an  open  vessel ;  or  by  triturating 
peroxide  of  manganese  with  binoxalate  of  potassa  and  water, 
a  pink  solution  is  obtained,  from  which  ammonia  throws  down 
the  deutoxide.  Its  colour  is  brown,  resembling  that  of  deut- 
oxide  .of  iron,  but  rather  darker.  It  is  soluble  in  concentrated 
muriatic  acid  at  4^  Fahr. ;  but,  if  the  temperature  of  the  so- 
lution be  at  all  raised,  or  if  it  be  exposed  to  the  sunbeams, 
chlorine  escapes,  and  muriate  of  protoxide  is  formed.  The  ex- 
istence of  the  deutoxide  has  been  doubted,  but,  in  fact,  it  is, 
Dr.  Forchhammer  asserts,  the  only  one  which  is  easily  obtained 
in  a  pure  state. 

d.  When  the  deutoxide  is  boiled  with  weak  nitric  acid,  a 
portion  of  it  parts  with  oxygen,  and  enters  into  solution  in  the 
state  of  protoxide,  while  the  remainder  is  converted  into  per- 
oxidey  which  is  black,  and  insoluble  in  all  acids  except  such  as 
deprive  it  of  oxygen.  The  native  ore  of  manganese  is,  when 
pure,  identical,  in  its  chemical  properties,  with  this  oxide,  ex- 
cept that  it  is  contaminated  with  other  oxides.  It  is  found  in 
great  abundance  in  Devonshire,  Warwickshire,  &c. 

The  following  Table  shows  the  composition  of  these  oxides, 
according  to  Dr.  Forchhammer's  analysis. 


Metal.             Oxygen. 

Metal. 

Oxygen. 

Protoxide  (green) 

76.27    23.73    . 

....  100 . 

...3L25 

Deutoxide  (brown) 

70.403 29.597 . 

100 . 

...42.040 

Peroxide  (black) 

63.749 36.351., 

100 . 

...  62  50 

It  is  obvious,  therefore,  that  the  peroxide  contains  twice  as 
much  oxygen  as  the  protoxide ;  but  the  artificial  peroxide, 
dried  at  a  low  heat,  is  a  hydrate  containing  16  oxygen,  30 
manganese,  and  9  water. 
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The  discordance  among  the  results  of  diiFerent  analysts,  as 
to  the  composition  of  the  protoxide,  prevents  us  from  deducing, 
in  this  way,  the  weight  of  the  atom  of  manganese.  Dr.  Thom- 
son,* from  the  composition  of  the  sulphate,  infers  the  eqoi- 
valent  number  of  manganese  to  be  £8;  to  agree  with  which 
100  parts  of  metal  should  unite  with  28.5  oxygen  ;  and  in  the 
peroxide  the  oxygen  should  therefore  be  28.5  x  2  =  67  on 
100  of  the  metal. 

II.  Manganese  and  Chlorine. 

Chloride  of  manganese  may  be  formed  by  eyaporathig  the 
muriate  to  dryness,  and  subjecting  the  residue  to  a  red  heat 
out  of  the  contact  of  air.  A  pink  coloured  semitransparent 
substance  is  obtained,  which,  according  to  the  analysis  of  Dr. 
John  Davy,  consists  of 

Chlorine 51    100    117.64. 

Manganese  ••.••.  46   •• ...  •     85    100. 

100 

Now  54 :  46 ::  SQ :  30.6.  The  weight,  therefore,  of  the 
atom  of  manganese,  deduced  from  tlie  chloride,  exceeds  that 
inferred  from  the  oxide.  This  shows  that  farther  experiments 
are  necessary  before  we  can  assign  the  true  equivalent  of  man- 
ganese. It  is  not  improbable,  however,  that  30  will  prove  to 
be  very  near  the  true  number. 

III.  Satis  of  Manganese. 

Carbonates.  When  the  green  or  protoxide  is  precipitated 
from  its  solution  in  an  acid  by  a  carbonated  alkali,  we  obtain 
a  snow-white  compound,  which  is  a  carbonate  of  manganese. 
It  is  composed,  according  to  Dr.  John,  of 

Protoxide  of  manganese 55.84 

Water 10. 

Carbonic  acid  • 34.16 

100. 
Siilphaie.-^Cancenirtited  sulphuric  acid  hitt  very  Itttle  ac- 

•  Ann.ofPbil.N.S.L«51. 
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don  on  metallic  manganese';  but  the  dilate  acid  dissolvos'it 
with  an  extrication  of  hydrogen  gas,  which  has  a  pecttliar* 
smelly  resembling  assafbetida,  probably  from  its  holding  some 
of  the  metal  in  solution,  llie  solution  has  a  light  rose  co^ 
lour,  and  gives  crystals  of  the  same  colour. 

The  pure  protoxide,  and  the  cdrbonate  of  protoxide,  dis* 
solve  in  the  sulphuric  acid  in  any  state  of  concentration ;  and 
a  solution  is  obtained,  exactly  resembling  that  which  has  been 
described.  The  first  crystals,  that  shoot  from  the  solution^ 
are  of  a  iaint  rose  red  colour.  The  la^t  are  white,  and  con<» 
tain  a  great  excess  of  acid.  The  red  crystals  are  soluble  in  2-|- 
parts  of  water,  at  BGl^  Fahrenheit,  and  are  insoluble  in  alcohoL 
Tlie  alkaline  carbonates,  prussiates,  and  phosphates,  occasion 
a  white  precipitate  from  the  solution,  and  ai'e  illmost  the  only 
salts  that  decompose  this  sulphate.    It  is  composed  of 

Atoms. 

Protoxide  of  manganese    •...  25.93   •...  1   =  28. 

Sulphuric  acid    34.72   ....  1   =  40. 

Water    S9.S5 5  =  45. 


100.  119. 

Concentrated  sulphuric  acid  dissolves  the  deutoxide  of  man- 
ganese; but  the  same  acid,  if  much  diluted,  decomposes  it,  and 
forms  peroxide,  and  sulphate  of  protoxide.  The  solution  act^ 
on  metals,  an  adequate  portion  of  the  deutoxide  being  brought 
to  the  state  of  protoxide.  It  is,  also,  when  heated,  decom* 
posed  by  tartaric  acid  and  binoxalate  of  potasSa,  an  escape  of 
carbonic  acid  being,  in  both  cases,  observed.  A  similar  de*^ 
composition  is  produced,  by  the  same  agents,  of  other  salts  with 
base  of  deutoxide. 

Sulpktirow  acid  acts  on  the  peroxide,  first  depriving  it  of 
part  of  its  oxygen,  and  dissolving  the  protoxide. 

Hyposulphite  of  manganese  is  obtained  by  acting  on  hypo-^ 
sulphite  of  Kme  wilh  sulphite  of  manganese. 

Niirate.'^V/knc  acidy  when  moderately  concentrated,  dia^ 
solves  metaUie  maoganese  with  an  escape  of  nitrous  gas.  Tha 
solotion  is  coloorless;  bat  by  long  continued  heat,  die  acid 
is  deeompossd,  and  a  bkek  oxide  is  left.  The  protoxide 
and  white  carbonate  also  dissolve  rsadtly  in  nitric  Asid,  ssid 


Digitized  by  VjOOQ IC 


S  or  MBTALS.  CHAP.  IX. 

by  panicular  management  crystals  may  be  obtained  from, 
the  solutions.  Tbe  crystals  deliquiate  by  exposure  to  the  air; 
and  on  the  application  of  heat,  melt,  and  are  immediately  de- 
composed, a  blackish  brown  substance  remaining,  which  Ber- 
zelius  took  for  the  real  deutoxide,  but  which  Dr.  Forchham- 
mer  believes  to  be  a  mixture  of  1  atom  of  deutoxide  with  one 
atom  of  peroxide.  Nitric  acid,  heated  witli  deutoxide,  dividea 
it  into  protoxide,  which  is  dissolved,  and  peroxide.  The  lat- 
ter is  not  acted  upon  by  nitric  acid,  unless  a  little  sugar  is 
added,  or  some  other  similar  substance,  which  may  partly 
de-oxidize  it. 

Murtatc-'^The  action  of  muriatic  acid  is  most  important  on 
the  black  native  oxide.  According  to  the  old  theory,  part  of 
the  acid  acts  on  one  portion  of  the  oxrde;  and  first  reduces  it 
to  the  state  of  protoxide^  and  then  dissolves  it;  affording  mu- 
riate of  protoxide  of  manganese.  The  oxygen,  thus  libcrate<V 
uniting  with  another  portion  of  muriatic  acid,  composes  oxy- 
muriatic  acid.  But,  on  the  more  probable  theory  of  chlorine, 
the  hydrogen  of  the  muriatic  acid  is  attracted  by  the  oxygei> 
of  the  oxide,  and  the  chlorine  is  not  formed,  but  merely  set  at 
liberty. 

Chloride  of  manganese  is  a  deliquescent  salt ;  it  is  soluble 
in  an  equal  weight  of  water,  and  soluble,  also,  in  alcohol,  by 
which  means  it  may  be  separated  from  the  sulphate.  Whea 
dissolved,  it  is  converte<l  into  a  compound  of  muriatic  acid  and 
oxide  of  manganese.  The  muriate  may  be  obtained  in  large 
iabular  crystals,  quite  transparent,  and  of  a  rose  colour,  whicli 
consist  of 

Protoxide  of  manganese S8.50 

Muriatic  ncid 20.04 

Water 41.46 

100. 

The  muriate  of  deutoxide  can  only  exist  at  a  temperature 
below  42^  Fahr. ;  for  when  its  solution  is  heated,  the  oxide  i^ 
resolved  into  protoxide  and  peroxide.    (Forchbammcr.) 

Dr.  John  has  investigated,  also,  aeveral  of  tbe  a^mbinationa 
of  oxide  of  manganese  with  vegetable  and  metallic  acids,  tha^ 
iktaila  of  which  are  contained  in  his  paper. 
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IV.  The  black  oxide  of  manganese  has  some  properties^ 
wbicli  appear  to  indicate  that  it  is  susceptible  of  still  farther 
oxidation,  and  even  of  affording  acid  compounds. 

1.  It  imparts  to  borate  of  soda,  when  melted  with  it,  a  vio^ 
let  colour.  When  this  is  effected  by  the  blow-pipe,  the  colour 
may  be  destroyed  by  the  interior  flame,  and  again  re-producecT 
by  the  exterior  one,  or  by  a  small  particle  of  nitre.* 

2.  When  black  oxide  of  manganese  and  nitre,  both  rcducec! 
to  powder,  arc  mixed  together,  and  thrown  into  a  red-hot 
crucible,  the  nitric  acid  is  decomposed,  and  we  obtain  a  com- 
pound of  highly-oxidized  manganese  with  potassa.  The  same 
compound  may  be  obtained  by  fusing  together  one  part  of  the 
black  oxide,  and  five  or  six  of  solid  caustic  potassa.  It  has 
the  singular  property  of  exhibiting  different  colours,  accord* 
ing  to  tlie  quantity  of  water  that  is  added  to  it.  A  small  quan- 
tity gives  a  green  solution;  a  farther  addition  changes  it  to 
blue;  more  still  to  purple;  and  a  still  larger  quantity  to  a 
beautiful  deep  purple. 

3.  The  experiment  may  be  varied,  by  putting  equal  quan<^ 
titles  ot  this  substance  into  two  separate  glass  vessels,  and 
pouring  on  the  one  hot,  and  on  the  other  cold,  water.  The 
hot  solution  has  a  beautiful  green  colour,  and  the  cold  one  is 
of  a  deep  purple.  The  same  material,  with  water  of  different 
temperatures,  assumes  various  shades  of  colour.  Hence  thi» 
€X)nipound  has  been  termed  the  chamelion  mineraL  This  pro^ 
perty  is  destroyed  by  a  very  small  quantity  of  sulphuret  of 
potassa,  and  by  other  substances  that  attract  oxygen. 

The  properties  of  this  singular  substance  have  been  latelj 
investigated  by  Chevreul.t  Vo  exclude  the  presence  of  ircm^ 
4m  which  Scheele  suspected  its  green  colour  to  depend,  he 
prepared  it  by  fusing,  in  a  platinum  crucible,  one  part  of  pure 
oxide  of  manganese  with  eight  of  potassa,  prepared  with  nU 
cohol.  The  colour  of  the  solution  was  still  green,  and  by  the 
addition  either  of  more  water,  or  of  carbonic  acid,  or  an  al- 
kaline carbonate,  became  successively  blue,  violet,  indigoy 
purple,  and  red.  The  green  solution,  Chevreul  supposes,  is 
a  combination  of  caustic  potassa  with  oxide  of  manganese; 
And  the  red,  of  potassa,  oxide  of  manganese,  and  carbonie 

•  See  Klaprotb,  vol.i.  p.  S43,  a.  .      f  Ana.  4e  Chim-  et  Pbys.  18«. 
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acid.  The  intermediate  colours  result  from  the  combination 
of  these  in  different  proportions,  as  may  be  proved  by  the 
direct  mixture  of  n  green  with  a  red  solution.  The  agency 
of  water,  even  when  carefully  deprived  of  carbonic  acid,  in 
effecting  the  same  change,  shows,  however,  that  the  theory 
does  not  account  for  all  the  phenomena.  This  fact  Chevreul 
explains  by  the  action  of  water  in  diminishing  the  attraction 
between  the  potassa  and  oxide  of  manganese,  in  which  way  he 
apprehends  that  carbonic  acid  produces  its  effect.  The  oxide» 
both  in  the  green  and  red  compounds,  he  asserts,  is  at  the 
same  d^ree  of  oxidation,  a  degree  probably  inferior  to  that 
of  the  native  oxide* 

Messrs.  Chevillot  and  Edwards  have  ascertained  that 
the  colour  of  the  chameleon  mineral  is  owing  to  manganese^ 
and  not  to  any  other  metal ;  that  tlie  contact  of  oxygen 
gas  with  the  fused  materials  is  essential  to  its  formation^ 
during  which  oxygen  is  absorbed ;  and  that  the  chameleon 
compound  is  a  neutral  salt,  susceptible  of  assuming  a  regular 
crystallized  form.* 

When  these  crystals  ara  heated  in  contact  with  hydrogen 
gas,  they  cause  it  to  inflame.  They  detonate  violently  with 
phosphorus ;  and  set  fire  to  sulphur,  arsenic  and  antimony,  and 
indeed  to  all  combustible  bodies  hiUierto  tried^  The  red  com*^ 
pound  was  supposed  to  be  a  neu^trskmenganesiaie  of  potassa f 
and  the  green  a  sulMnanganesiaie  ;  but  it  seems  more  probable^ 
from  the  experiments  of  Forcbhammer,  that  thedifierence  be» 
tween  the  red  and  green  compounds  depends^  not  on  the  quan* 
tity  of  potassa  combined  with  the  oxide  of  manganese,  but  on 
the  proportion  of  oxygen  united  with  the  manganese  itself.f 
Conformably  with  this  view,  he  found  that  adding  alcohol  or 
carbonate  of  manganese  to  the  red  compound  changed  it  to 
green  by  abstracting  oxygen.  The  manganese  in  the  latter 
compound,  he  considers  as  forming  an  acid  with  a  minimum  of 
oxygen  \  the  proportions  being  iOO  metal  and  96.84^7  oxygen^ 
constituting  fnanga^nseous  add  ;  the  green  salt,  therefore^  is  a 
tnanganesile  of  potassa.  The  red  compound,  he  states,  con«- 
tains  an  acid  which  may  be  called  the  manganesk^  and  its 
compounds  manganesiaies.  In  this  acid  100  of  metal  are  united 

•  Aon.  de  Cbim.  et  Phys.  iv.  987.viii.  3ST. 
t  Anb.  «f  PMoA.  zvi.  MO. 
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with  132  of  oxygen,  which  cori^ponds  very  nearly  wkh  the 
proportion  of  one  atom  of  metal  =:  28|  to  5  of  oxygen  ==  40* 
In  the  constitution  of  the  mnnganeous  acid  no  such  coinci* 
dence  can  be  discovered  between  theory  and  the  results  of 
experiment.  Though  it  is  extremely  probable,  therefore,  that 
manganese  is  capable  of  forming  one  or  more  true  acids  with 
oxygen,  yet  the  proportion  of  the  elements  of  these  acids  may 
be  considered  as  stilt  undetermined. 

V.  Manganese,  in  its  metallic  slate,  cannot  be  brought  to 
combine  with  sulphur^  though  a  native  compound  of  these  two 
substances  has  been  examined  by  Proust.  The  oxide,  how* 
ever,  unites  with  sulphur  by  fusion,  in  the  proportion  of  eight 
of  the  former  to  three  of  the  latter;  and  a  compound  is  ob- 
tained of  a  green  colour,  which  gives  out  sulphureted  hydro- 
gen gas  by  the  action  of  acids. 

VI.  Manganese  unites  with  most  o(  the  meials,  and  com* 
poses  alloys ;  none  of  which  are  distinguished  by  important 
properties. 

SECTION  XV. 
Zinc. 

The  zinc  of  commerce,  known  by  the  name  of  speUre^  is 
never  pure,  but  contains  lead  and  sulphur.  To  purify  il^ 
zinc  must  be  tlissolved  in  diluted  sulphuric  acid ;  a  plate  of 
zinc  is  tlien  to  be  immersed  in  the  solution,  to  precipitate  other 
metals,  which  it  may  contain ;  the  solution  must  be  deconr* 
posed  l^  subcarboliate  of  potassa ;  and  the  precipitate^  after 
being  well  washed^  ignited  with  charcoal  powder. 

Zinc  is  of  a  brilliant  white  colour  with  a  shade  of  blue. 
Its  specific  gravily  varies  from  6.86  to  7.I9  the  lightest  being 
the  puresL  By  particular  treatment  it  becomes  roafleable^* 
and  may  be  beaten  into  leaves  or  drawn  into  wire. 

Zinc  is  Hfdted  by  a  m€>derate  Iieat,  viz.  about  680^  Fahren* 
heit,  and  the  fused  maa%  on  oooling,  forma  regular  crjrsCalH. 

I.  Oxides  d/'Zme.— By  exposure  to  the  air  at  a  lo^  tetti*- 
peralure^  zinc  skfwiy  ac^ires  a  coating  of  grey  oxide ;  but 

*  The  discoverj  of  the  mMleftbiRt^  of  zinc  was6rM  aonouaced  l>y  Mr. 
Sih*esiBr  in  the  PliikMopMcal  Magaiiae,  vol.  inuii* 
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when  kept  ia  a  degree  of  heat,  barely  suflBcient  for  its  fusion,  it 
becomes  covered  with  a  grey  oxide*  If  thrown  into  a  crucible, 
or  deep  earthen  pot,  heated  to  whiteness,  it  suddenly  takes  fire ; 
bums  with  a  beautiful  white  flainc ;  and  a  white  and  light  ox* 
id^  mixed  with  a  little  carbonate,  sublimes,  having  a  consider- 
able resemblance  to  carded  wool.  Thh  oxide,  however, 
when  once  deposited,  is  no  longer  volatile ;  but,  if  exposed  to 
a  violent  heat,  runs  into  glass.  It  has  been  examined  with 
much  attention  by  Proust,  who  found  it  to  consist  of  80  parts 
of  zinc  and  20  oxygen.  Gay  Lussac*  and  Berzeliusf  have 
since  investigated  it,  and  agree  in  considering  it  as  composed 
of 

Zinc 80.39    ....   100 

Oxygen  •«.  19.61    ....     S4.4> 

100.  I2k4 

The  equivalent  number,  deducible  for  zinc  from  the  com- 
position of  the  oxide,  is  41  on  Dr.  WoUaston's  scale,  =  33 
when  oxygen  is  denoted  by  8.  This  agrees  with  the  expe- 
riments of  Dr.  Thomson  ;I  but  Mr.  Brande,  from  the  com- 
"position  of  the  oxide  prepared  with  nitric  acid,  has  fixed  on  35 
to  denote  the  weight  of  the  atom  of  zinc.  (Quart.  Journ. 
xiv.  49.)  It  will,  probably,  not  be  far  from  the  truth,  if  we 
take  the  equivalent  of  zinc  to  be  33,  and  that  of  its  oxide 
S3  +  8  3=  41. 

Zinc  decomposes  water  very  slowly  at  common  tempera- 
tures, requiring,  probably,  he  access  of  air ;  but  acts  with 
great  rapidity,  if  the  vapour  of  water  be  brought  into  contact 
with  it  when  ignited.  In  whatever  way  it  is  oxidized,  we 
obtain  the  compound  already  described,  which  is  the  only 
known  oxide  of  zinc.§ 

II.  Chloride  of  Zinc. — Only  one  compound  of  chlorine  and 
zinc  IS  known,  called  baiter  of  zinc.  It  is  obtained  by  eva- 
porating to  dryness  the  muriate  of  this  metal.  The  compound 
is  fusible  under  a  dull  red  heat,  and,  on  cooling,  goes  through 
several  d^^^ees  of  consistency,  being  viscid  before  it  becomes 
solid.  When  dissolved  in  water,  a  small  residue  of  oxide  of  zinc 

*  80  Ann.  de  Chim.  170.  f  81  Ditto. 

X  Ann.  of  Phil.  N.  S.  i.  S46.  S  Vogtl,  io  Tbomson**  Anuals,  fii.  3* 
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is  left.  From  Dr.  Davy's  analyMs,  it  appears  to  coosist  of  equal 
weights  of  cblorine  and  zinc.  If  this  be  correct,  the  equivalent  of 
zinc,  deduced  from  the  chloride^  should  be  36 ;  but  the  slight 
decomposition,  indicated  by  the  insoluble  residue  of  oxide  of 
zinc  in  dissolving  tlie«chlorid^  has  probably  occasioned  an 
error  in  estimating  its  constituents ;  and  the  composition  of 
the  oxide  is  therefore  a  safer  guide  to  the  equivalent  of  the 
metal. 

III.  Iodine  and  zinc  unite  and  form  a  crystalline  compound 
which  is  fusible  and  volatile. 

IV.  Salts  of  Zinc. 

lodaie  of  Tine  falls  down  in  an  insoluble  state,  when  iodate 
ofpotassa  is  added  to  a  solution  of  sulphate  of  zinc. 

Hydriodate  of  Zinc. — By  exposure  to  the  air  iodide  of  zinc 
attracts  moisture  and  forms  hydriodate  of  zinc.  When  this 
salt  is  mingled  with  a  solution  of  bi-chloride  of  mercury,  a 
precipitate  is  obtained  of  a  beautiful  bright  red  colour. 

Sulphite  of  zinc  may  be  obtained  by  dissolving  zinc  in  sul- 
phurous acid.  It  is  a  crystallizable  salt,  readily  soluble  in 
water,  but  not  in  alcohol. 

Hypo^sidphite  of  zinc  is  formed  by  digesting  metallic  zinc 
in  sulphurous  acid.  Sulphureted  hydrogen  gas  escapes,  and 
firom  the  solution  crystals  are  obtained  by  gentle  evaporation, 
which,  when  dissolved  in  alcohol,  and  re -crystallized,  are  the 
hypo-sulphite. 

Sulphate  of  Zinc.-^Zinc  readily  dissolves  in  diluted  sulphu- 
ric acid,  with  the  exception  of  a  small  quantity  of  black  pow-> 
der,  which  Vogel  found  to  be  composed  of  charcoal,  iron,  and 
sulphate  of  lead.  The  acid,  during  its  action  on  this  metal, 
evolves  hydrogen  gas ;  and  the  gas,  when  obtained,  besides 
other  impurities,  holds  in  combination  a  portion  of  the  metal. 
A  stream  of  it,  burned  in  Cuthbertson's  apparatus  (pi.  iv.  fig. 
34),  has  been  found,  if  recently  prepared,  to  occasion  the  fusion 
of  the  platinum  wire,  though  the  pure  gas  is  destitute  of  this 
property.  This  hydrogen  gas,  holding  zinc  in  solution,  may 
also  be  obtained  by  a  process  of  Vauquelin.  A  mixture  of 
the  ore  of  zinc,  called  blende,  or  calamine,  with  charcoal,  is  to 
be  put  into  a  porcelain  tube,  which  is  to  be  placed  horizontally 
in  a  furnace,  and,  when  red-hot,  the  vapour  of  water  is  to  be 
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driven  over  it*  Tiie  gas  that  u  produced^  however,  m  a  «iix- 
ture  of  carbonic  aoid,  carUireted  hydrogei^  and  a  solution 
of  zinc  in  hydrogen  gas,  which  has  been  called  hydroziacic 
gas*  The  zinc  is  deposited  on  the  surface  of  the  water,  ovi^ 
which  thiagas  is  kept;  but  if  bamed  when  reoently  prepared, 
the  gas  exhibits,  in  consequence  of  this  ioipregnatios^  a  dis^ 
liBCtiy  blue  flame. 

The  solution  of  zinc  in  sulphuric  acid,  when  evaporated 
to  a  due  degree- of  density,  shoots  into  regular  crystals.  This 
salt  is  soluble  in  2|  parts  of  water;  and  its  solution  is  not  pre- 
cipitated by  any  other  ujetal.  Its  composition  is  stated  by 
Berzclius  and  Wollaston  as  follows: 


Atoms. 

Acid 30.86    ....  27.3 

1    =   40 

Base 32.69    28.4 

1    =41 

Water 36.45    4  kS 

•  •••    7     ...•    ^c    oi> 

100.*  lOO-f  144 

Nitrate  of  Zinc. — Nitric  acid,  moderately  strong,  acts  on 
zinc  with  great  violence.  The  solution,  by  evaporation,  cryst 
tallizes  in  four  sided  prisms,  and  affords  a  deliquescent  salt; 

Muriate  of  Zinc. — Muriatic  acid,  a  little  diluted,  acts  on 
zinc,  and  evolves  hydrogen  gas  of  great  purity.  The  solution 
is  clear,  but  cannot,  by  evaporation,  be  brought  to  crystallize. 
The  dry  chloride,  however,  may  be  subKmed,  and  passes  over 
in  a  half  solid  state,  from  which  circumstance  it  has  been  called 
butter  of  zinc.  When  rapidly  evaporated,  the  muriatic  so- 
lution yields  a  thick  extract,  which  has  somewhat  of  the  visci- 
dity of  bird-lime. 

Muriate  of  zinc  in  strong  solution  deposits  oxide  of  zinc 
on  adding  water,  and  on  being  filtered  and  further  diluted, 
more  oxide  separates.  Weak  solutious,  when  concentrated 
by  evaporation,  dissolve  the  oxide,  which  will  precipitate  again 
on  dilution.  The  solution  is  always  slightTy  acid,  and  am- 
monia, when  added,  does  not  rentier  it  neutral,  until  all  the 
oxide  of  zinc  is  precipitated.  (Quart.  Journ.  vi.  159.) 

Phosphate  of  zinc  may  be  obtained  either  by  the  direct  ac- 
tion of  dilute  phosphoric  acid  on  zinc,  or  by  decomposing  sul- 

•  Bc;rzeriu«.  f  Wotlaston. 

Digitized  by  VjOOQ IC 


phate  of  zinc  wUh  phosphate  of  soda,  which  throws  down  an 
insoluble  salt 

Carbonate  of  zinc  is  precipitated  by  carbonate  of  potassa  from 
sulphale  of  zinc.  This  compound  constitutes  the  principak 
ingredient  of  the  ore  of  zinc  called  calamine.  It  is  white, 
tasteless,  and  insoluble  in  water,  but  readily  dissolves  in  acidsi 
with  efFcrvescence. 

Ferro^anale  of  unc  appears  as  a  yellowish  white  precipi-^ 
tate  on  addii^  ferro-cyanate  of  potassa  to  sulphate  of  zinc. 

Acetate  of  sdnc  may  be  formed  either  directly  by  dissolving 
the  metal  or  the  white  oxide  in  acetic  acid,  or  by  mingling! 
the  solutions  of  acetate  of  lead  and  sulphate  of  vine.  An 
insoluble  sulphate  of  lead  is  formed,  and  the  acetate  of  zinc 
remains  in  solution.  By  evaporation  it  affords  a  crystallized 
and  beautiful  salt. 

V.  Zinc  is  oxidized  by  being  boiled  with  pure  alkaline  50- 
lutions,  hydrogen  gas  is  evolved,  and  a  portion  of  the  oxide 
remains  dissolved.  A  similar  compound  may  be  obtained, 
liy  prelecting  a  mixture  of  nitre  and  zinc  filings  into  a  red-hot 
crucible. 

From  all  the  salts  of  zinc,  also,  the  pure  alkalis  throw  down 
a  /ifdraied  oxide,  which  is  soluble  in  an  excess  of  alkali.  The 
solution  by  ammonia,  when  evaporated  out  of  the  contact  of 
air,  furnishes  crystals  of  a  feathery  form. 

VI.  Zinc  and  Sulphur. — Zinc,  in  its  metallic  state,  has  very 
little  affinity  for  sulphur.  A  mixture  of  the  white  oxide  of 
zinc  and  flowers  of  sulphur  combines,  however,  into  a  yellow » 
isb  brown  mass.  Water,  impregnated  with  sulphureted  hy* 
drogen,  decomposes,  after  some  time,  the  solutions  of  zinc, 
and  forms  a  yellowish  white  precipitate,  which  is  probably  a 
hydro-sulphuret.  Mr,  E.  Davy,  by  passing  the  vapour  of 
sulphur  over  melted  zinc,  obtained  a  white  crystalline  sub*- 
stance  rescmbliog  that  natural  compound  of  zinc  and  sulphur 
which  is  called  phosphorescent  b?ende.  The  native  solphuret, 
called  hlendey  ox  black  jack^  by  the  miners^  has  been  analyzed 
by  Dr.  Thomson,  and  found  to  consist  of  ^ 

Zinc   67.19   ....  100 214.40 

Sulphur ....  92.81    •  • . .     48.84    ....  100. 

100.  14a.M  814.40 
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VIL  Zinc  combines  with  phosplwrus*  Tbe  phofiphuret  of 
sine  is  of  a  whitish  colour  and  a  metallic  lustre  not  unlike 
Jead.  It  has  some  malleability,  exhale  a  phosphoric  smell, 
and|  at  a  high  d^ree  of  heat,  bums  like  common  zinc. 

VIII •  Zinc  is  capable  of  furnishing  alloys  with  most  of  the 
•other  metals.  Of  diese  the  most  useful,  brass,  will  be  men* 
tioned  in  treating  of  copper.  It  has  been  lately  proposed  to 
Apply  zinc  to  the  purpose  of  culinary  vessels,  pipes  for  con* 
veying  water,  sheathing  for  ships,  8cc.;  but  it  is  rendered 
unfit  for  the  first  object,  by  the  facility  with  which  the  weak- 
est acids  act  upon  it;  and  for  the  remaining  ones,  by  its  con* 
■siderable  though  slow  oxidation,  when  exposed  to  the  opera- 
lion  of  air  and  moisture. 


SECTION  XVI. 

Iron. 

laoM  has  a  blueish  white  colour,  and  admits  of  a  high 
degree  of  polish.  It  is  extremely  malleable,  though  it  cannot 
be  beaten  out  to  the  same  degree  of  thinness  as  gold  or  silver. 
It  is  much  more  ductile,  however,  than  those  metals ;  for  it 
may  be  drawn  out  into  wire  much  fijner  than  a  human  hair ; 
and  its  tenacity  is  such  that  a  wire  only  ^f^ths  of  an  inch  in 
diameter  is  capable  of  supporting  a  weight  of  nearly  550  lb. 
Its  specific  gravity  varies  from  7.6  to  7.8. 

Iron  is  one  of  the  most  infusible  of  the  metals.  Its  nidting 
point  is  about  158^  of  Wedgwood.  Its  chemical  properti^ 
are  the  following : 

I,  Oxides  of  Iran. 

1.  When  exposed  to  the  atmosphere,  especially  when  the 
air  is  moist,  iron  slowly  combines  with  oxyg^i,  or,  in  common 
language,  rusis.  If  the  temperature  of  the  metal  be  raised, 
this  change  goes  on  more  rapidly ;  and,  when  made  intensely 
hot,  it  takes  place  with  the  appearance  of  actual  combustion. 
Thus  the  small  fragments,  which  fly  firom  a  bar  of  iron  during 
forging,  undergo  a  vivid  combustion  in  the  atmosphere ;  and 
iron  filings,  projected  upon  the  blaze  of  a  torch,  burn  with 
considerable  brilliancy.  The  oxid^  obtained  in  these  ways, 
is  of  a  black  colour,  and  is  still  attracted  by  the  magnet. 
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The  same  change  is  more  rapidly  produced,  when  ignited 
iron  is  brought  into  contact  with  oxygen  gas.  A  vivid  com- 
bustion happens,  as  already  described  vol.  i.  page  208. 
Lavoisier  made  many  experiments  to  ascertain  the  in- 
crease of  weight,  acquired  by  iron  when  thus  burned,  and 
concluded  that,  on.  an  average,  100  parts  of  iron  condense 
from  32  to  35  parts  of  oxygen.  Dr.  Thomson,  however,  on 
repeating  the  experiment  several  times,  did  not  find  that  100 
parts  of  iron  absorbed  more  than  27.5  of  oxygen :  but  he 
acknowledges  that  it  is  almost  impossible  to  collect  the  whole 
product,  and  that  minute  portions  are  dissipated  in  sparks."* 

2.  By  contact  with  water  at  the  temperature  of  the  atmos- 
phere, iron  becomes  slowly  oxidized,  and  hydrogen  gas  is 
evolved.  It  has  indeed  been  contended  by  Dr.  Marshall  Hall, 
(Quart.  Journ.  vii.  53.)  that  water,  provided  it  be  entirely  de- 
prived of  oxygen  gas,  and  secured  from  contact  with  atmos- 
pheric air,  does  not  oxidate  iron  at  common  temperatures; 
and  that  a  polished  plate  of  iron  retains  its  metallic  brilliancy, 
both  in  air  deprived  of  moisture,  and  in  water  tlioroughly 
purged  of  air.  M.  Guibourt,  however,  has  shown  that  this 
inaction  of  pure  water  on  iron  takes  place  only  when  the 
quantity  of  metal  relatively  to  the  fluid  is  very  small;  that  at 
75^  to  80^  Fahr.  little  or  no  effect  is  produced;  but  that  a 
temperature  of  from  120°  to  140°  Fahr.  renders  water  de- 
composable by  iron,  especially  when  tlie  metal  bears  a  con- 
siderable proportion  to  the  water.  (Ann.  de  Chim.  et  Phys. 
xi.  40.) 

When  the  steam  of  water  is  brought  into  contact  with  red- 
hot  iron,  the  iron  is  converted  into  the  black  oxide;  and  an 
immense  quantity  of  hydrogen  gas  is  set  at  liberty,  and  may 
be  collected  by  a  proper  apparatus.  The  iron  is  found  to 
have  lost  all  its  tenacity,  and  may  be  crumbled  down  into 
a  black  powder,  to  which  the  name  otjhery  cinder  was  given 
by  Dr.  Priestley.  In  composition,  it  does  not  appear  to  di£fer 
from  the  oxide  of  iron  obtained  by  thd  action  of  atmospheric 
air,  and  it  is  strongly  magnetic.  By  a  carefiil  repetition  of 
the  process,  Dr.  Thomson  found  that  100  grains  of  iron, 

—         lyf — — 

^  87  Nich.  Journ.  881. 
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ignited  in  contact  with  the  vapour  of  water,  acquire  ^9.1 
grains  of  oxygen. 

9.  When  iron  is  dissolved  in  diluted  sulphuric  add,  the 
acid  is  not  decomposed  ;  but  the  metal  is  oxidized  at  the  ex- 
pense of  the  water,  and  hydrogen  gas  is  obtained  in  abund- 
ance. Now  as  water  is  composed  of  two  volumes  of  hydrogen 
and  one  of  oxygen,  a  quantity  of  oxygen,  equal  in  volume  to 
half  the  hydrogen  gas  obtained,  must  have  combined  with  the 
metal ;  that  is,  for  every  200  cubic  inches  of  hydrogen,  oxy- 
gen equal  to  100  cubic  inches  or  =  SS.8  grains,  must  have 
united  with  the  metal.  But  100  grains  of  pure  iron  evolve, 
by  acting  on  dilute  sulphuric  acid,  170  cubic  inches  of  hydro- 
gen gas  at  a  mean  of  the  barometer  and  thermometer,  show- 
ing that  oxygen,  =  85  cubic  inches,  or  28.73  grains,  must 
have  united  with  the  metal,  during  its  solution.  Dr.  Thom- 
son, from  nn  experiment  of  this  kind,  calculated  that  100 
grains  of  iron,  after  the  action  of  dilute  sulphuric  acid,  had 
gained  27.5  of  oxygen.  It  is  to  be  considered,  however,  that 
the  purity  of  the  iron  employed  will  materially  affect  the  re- 
sult ;  for  if  the  ironcontain  charcoal,  as  is  almost  always  the 
case,  carburetted  hydrogen  gas  will  be  mixed  with  the  hydro- 
gen ;  and  the  hydrogen  in  this  gas  being  in  a  condensed  state, 
the  apparent  will  be  less  than  the  real  quantity  of  hydrogen 
disengaged. 

Iron,  by  oil  the  different  processes  which  have  been  des- 
cribed, is  converted  into  an  oxide  of  a  black  colour,  having 
the  same  proportions  of  oxygen  and  metal,  and  still  retain- 
ing the  magnetic  property.  Its  composition  has  been  the  sub- 
ject of  a  series  of  experiments  by  Bucholz,  who  concludes  that 
100  parts  of  iron,  to  become  the  black  protoxide,  condense 
29.83  parts  of  oxygen ;  Dr.  WoUaston  deduces  the  oxygen 
to  be  29  parts,  and  Dobereiner  makes  it  30.  Berzelius's  de- 
termination differs  but  little  from  these,  viz. 


Black  or  protoxide  |q^"  •^•^^' 


77.22....  100 
22.78 ....     29.5 


100. 
The  equivalent  nundl>er  for  iron^Vill;  of  course,  vary,  ac- 
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cordingly  as  we  adopt  one  or  other  of  these  experimental  r^ 
suits.  If  29.5  beiadmitted  to  be  the  quantity  of  oxygen  which 
^^converts  100  of  i^n  into^^rotoxide,  the  /iiciuivalent  of  diat 
^onetid'iwiil  be  Q7;  if  38.5  be  sufficient,  the  ^equivalent  will  be 
26.  In  this  uncertainty,  it  will  perhaps  not  be  fer  froni^  the 
truth  if  we  consider  28  as  representing  iron,  and  28  +  8  s:  5S 
as  denoting  the  protoxide.  Dr.  Thomsoti  and  Mr.  Brande 
have  also  fixed  on  those  numbers  as  the  equivalents  of  ir<^ 
and  the  protoxide. 

When  the  oxide  of  iron,  which  has  just  be^  described,  or 
iron  itself,  is  dissolved  in  nitric  acid ;  then  BMIIsd  for  some 
time ;  and,  afler  being  precipitated  by  ammonia,  is  washed, 
dried,  and  calcined  in  a  low  red  heat,  it  is  found  to  be  con- 
v»*ted  into  a  red  oxide.  This,  according  to  Bucholz,  is  com- 
posed of  100  parts  of  iron  and  42  of  oxygen ;  to  Dobereiner 
of  100  iron  and  45  oxygen ;  or,  according  to  Dr.  Wollaston^ 
of  100  metal  and  43.5  oxygen  ;  but  Berzelius  states  its  com- 
position as  follows: 

Red  oxide,    /Iron 69.34 ....  100. 

or  peroxide   \  Oxygen  . . .  30.66  ....     44.25 


100. 


This  peroxide  of  iron,  to  agree  with  the  statement  which 
has  been  given  of  the  protoxide,  should  consist  of  28  metal  + 
12  of  oxygen,  and  its  equivalent  number  should  be  40 ;  or  100 
metal  should  be  united  with  42.75  of  oxygen.  The  existence 
of  these  two  oxides,  and  the  proportions  of  their  ingredients,  at 
somewhere  near  28  and  43  oxygen,  to  100  iron,  may  be  consi- 
dered as  clearly  established.  But  besides  these,  it  has  been  at-  -. 
tempted  to  be  shown  that  there  are  other  oxides  of  iron* ' 
Thenard  contends  for  a  compound,  containing  less  oxygen 
than  the  black  oxide,  viz*  25  parts  to  100  metal ;  a  second'  com- 
posed of  37.5  oxygen  to  100  metal ;  and  a  third  of  50  to  100 
metal.  And  Gay  Lussac,  also,  supports  the  notion  of  three 
oxides,  with  proportions,  however,  differing  from  those  of  • 
Thenard.  The  first  oxide  is  that  which  is  obtained  by  dis- 
solving iron  in  diluted  sulphuric  or  muriatic  acid,  out  of  the 
contact  of  air.    It  is  precipitated  white  hy  alkalis^- and  by 

c  2 
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ferro-prussiates,  and  is  camposed  of  100  iron  and  28.3  oxygen.. 
The  second  is  obtained  when  iron  is  oxidized  by  the  vapour 
of  water  or  oxygen  gas,  and  consists  of  100  iron  and  S7.8  oxy- 
gen. Ttiis  is  supposed  by  Gay  Lussac  to  constitute  the  octo- 
hedral  and  magnetic  iron  ores.  The  third  is  the  acknowledged 
red  oxide,  which  is  composed  of  100  iron  and  42.31  ox3'gen.*' 
It  appears  to  me  probable,  however,  that  the  only  known 
oxides  are  the  two,  the  composition  of  which  has  already  beeu 
stated  on  the  authority  of  Bucholz,  Wollaston,  and  Berzeliiis;. 
and  that  the  new  oxide  of  Gay  Lussac  is,  as  Berzelius  also 
thinks,  a  mixture  of  the  black  and  red  oxides. 

There  appear  to  be  two  hydrates  or  hydro-oxides,  cor- 
responding to  the  two  oxides  of  iron,  which  are  obtained 
whenever  we  precipitate  their  respective  solutions  in  an  acid, 
by  a  fixed  alkali.  The  hydrate  of  the  protoxide  is  white, 
with  a  tinge  of  olive  or  green ;  that  of  the  peroxide  is  orange- 
coloured.  The  former  hydrate  passes  to  the  latter,  by  ex* 
posure  to  the  atmosphere.  Ochre,  it  has  been  shown  by 
Leidbeck,  is  a  native  hydrate  of  the  peroxide,  mechanically 
mixed  with  earthy  ingredients ;  but,  exclusively  of  them,  com- 
posed of  from  20.2  to  25  water,  with  60  to  62  peroxide  of 
iron.f  The  proportions  indicating  two  atoms  of  water  to  one 
of  peroxide,  would  be  62  parts  by  weight  of  the  latter  to  26.4r 
of  the  former,  numbers  not  very  remote  from  those  obtained 
by  experiment.  The  preparation  of  a  pure  hydrate  of  iroa 
was  found  by  Berzelius  to  be  attended  with  great  diffi'-^ 
culty,  on  account  of  the  fiicility  with  which  it  parts  with 
water. 

It  may  be  remarked,  on  comparing  the  composition  of  the 
two  oxides  of  iron,  that  the  oxygen  of  the  red  is  not  a  molii* 
plication  of  that  of  the  black  oxide  by  an  entire,  but  by  a  frac- 
tional number ;  for  28.5  X  H  =  42.75.  This  anomaly,  as  was- 
observed  in  the  account  of  the  principles  of  the  atomic  system 
(vol.  i.  p.  49.)  is  best  reconciled  by  mutiplying  by  2  the  numbers 
(I  and  1-^),  expressing  these  proportions,  which  will  make 
the  ratio  of  28.5  to  42.75  the  same  as  that  of  2  to  3.     We 


*  80  Ann.  de  Chim.  163,  and  1  Ann.  d«  Chim.  tt  Pliys.  33. 
1 80  Am.  d«  Chim.  163. 
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4ire  thus,  however,  almost  necessarily  led  to  the  supposition^ 
'diat  there  is  nn  oxide  inferior  to  the  black  oxide  in  its  pro- 
|M>rlioii  of  oxygen ;  and  which,  from  theory,  should  consist  of 
100  iron  and  14.25  oxygen;  for  the  black  oxide  contains  a 
quantity  of  oxygen,  which  is  a  multiplication  of  14.25  by  2, 
■and  the  red  by  3.  Dr.  Thomson  has  suggested  another 
method  of  removing  this  anomaly,  viz.  by  supposing  that 
while  the  protoxide  is  a  compound  of  1  atom  of  metal  +  1 
^tom  of  oxygen,  the  peroxide  consists  of  2  atoms  of  iron  +  3 
atoms  of  oxygen.*  The  representative  number  of  the  per- 
x)xide,  in  that  case,  would  be  56  +  ^if  ^  80.  This  appears  to 
tne  more  probable  than  the  supposition  of  Mr.  Porrett,  that  the 
weight  of  the  atom  of  iron  has  been  hitherto  rated  by  all  che- 
mists at  double  its  actual  nmount;  and  that  the  protoxide  is 
a  compound  of  2  atoms  of  base  with  1  atom  of  oxygen,  aiid 
the  peroxide  of  4  atoms  of  base  with  3  of  oxygen.f 

II.  Ckhrictes  of  Iron. 

Chlorine  combines  with  iron  in  two  proportions.  When  iron 
is  dissolved  in  diluted  muriatic  acid,  a  green  solution  is  ob-> 
tained,  which  may  be  evaporated  to  dryness  out  of  the  con- 
tact of  air,  and  ignited  with  similar  caution.  The  product  is 
ti  grey  brittle  lamellated  substance,  which,  when  analysed  by 
Dr.  Davy,  was  found  to  consist  of 

Chlorine 53.2 100 1 13.63 

Iron , . . .  46.8 88 100. 


100. 


In  this  case,  the  results  of  analysis  do  not  agree  with  theory, 
for  if  constituted  of  1  atom  of  chlorine  x=:  36  +  1  atom  of  base 
^=  28,  its  composition  ought  to  be 

Cfaforine 56.S 100.      ....  128.85 

iron  ...'•.  .......  43.7   ...#••     77.6   •  • . .  100* 


100. 


•  Ann.  of  Phil.  x.  10«.  t  IWd,  xir.  300. 
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^'heaix  iron  wire  is  bnrned  in  chlorine  gaa,  a  snbatenoe  of  a 
bright  yellowish  brown  colour  is  formed,  with  a  high  degree 
of  lustre ;  volatile  at  a  temperature  a  little  above  21^,  and 
crystallizing  in  small  iridescoit  plates.  It  acts  violently  on 
water,  and  gives  a  red  solution.    It  consists  of 

Chlorine 66.1 100.     ...•  194.17^ 

Iron 3S.9 51.5    •«••   100* 

100. 

In  this  case  we  have  also  the  apparent  anomaly  of  an  atom 
and  a  half  of  chlorine  being  united  with  an  atom  of  iron ;  for 
100  :  51.5  ::  36  x  1^  s  54 :  28. 

This  anomaly  can  only  be  accounted  for,  in  the  manner 
n^ggested  in  speaking  of  the  oxides. 

Chlorate  of  iron  has  not  been  much  examined. 

Iodine  and  iron  unite  and  form  a  brown  fusible  compound^ 
which  decomposes  water,  and  passes  to  the  state  of  a  green 
lydriodate  of  iron. 

lodate  of  iron  is  not  accurately  known. 

III.  Saks  of  Iron. 

1.  Sulphate  of  Iron. — When  diluted  sulphuric  acid  is  made 
to  act  on  iron,  we  obtain  a  compound  of  that  acid  with  the 
protoxide.  The  solution  yields  crystals,  which  have  a  beauti- 
ful green  colour,  and  the  shape  of  rhombic  prisms,  not  of 
rhomboids,  as  is  sometimes  represented  .*"  They  have  a  strong 
styptic  taste ;  redden  vegetable  blue  colours;  and  are  soluble 
in  about  two  parts  of  cold  and  4ths  their  weight  of  boiling 
water.  The  solution  is  precipitated  of  a  greenish  white  by 
Alkalis,  and  white  by  prussiate  of  potassa.  It  absorbs  oxygen 
from  the  air,  and  the  metal  passes  to  the  state  of  peroxide;  it 
also  absorbs  nitrous  gas ;  and  is  converted  by  chlorine  into  a 
sidphttte  of  peroxide.  When  the  crystals  are  moderately 
heated,  100  parts  lose  40  of  water,  and  the  residue  consists  of 
1  atom  of  sulphate  +  1  atom  of  water.  Distilled  at  a  stronger 
beat,  they  are  decomposed,  and  yield  a  strong  fuming  acid. 


*  Annals  of  Phil.  %i.  984. 
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called  gludal  sulphuric  add.  The  ptoto-sulphale  is  oemposed^ 
according  to  BerjseliiM,  of 

Atoms. 

Sulphuric  acid 28.9 1  =  40 

Protoxide  of  iron    23.7  ........  1  =  36 

Water 45.4 7  =  63 


100-  1S9 

When  a  solution  of  proto-sutphate  of  iron  is  heated  with 
access  of  air,  part  of  the  protoxide  passes  to  the  state  of  per- 
oxide, and,  combining  with  a  portion  of  acid,  falls  down  in 
the  form  of  a  yellow  powder,  which,  according  to  Berzelius, 
is  a  sulphate  of  the  peroxide  with  excess  of  base,  or  a  sub' 
sulphate.    The  proportions  of  its  components  are : 

Atoms. 

Sulphuric  acid. IS^ 1  =:    40 

Peroxide  of  inoa 63 4  s=  160 

Water 21.5 6  =    54 


100.  254 

Other  aulpbales  mik  base  of  peroKide  <tf  iron  (called,  from 
the  atomic  proportions  of  their  constitiientfl»  per-bisulpliate^ 
and  per-qiiadrisulpliate\  have  been  investigated  by  Dr.  Thorn- 
aoo,*  Mr.  Sylvester,t  and  Mr.  Cooper,^  but  no  sulphate  of 
protoxide  with  excess  otadd  is  yet  known. 

The  fiirther  oxidaCioii  of  the  iron  in  the  green  sulphate  ia 
cfiiacted  moro  expeditiously  by  boiling  its  solution  with  nitric 
acid,  and  evaporatii^  to  dryness,  care  beiog  taken  not  to  raise 
the  beat  so  as  to  »cpel  the  sulphuric  acid.  Water,  added  to 
the  v^sidttuio,  dissolves  a  salt,  which  is  conposed  of  sulphuric 
aeid  and  peroxide.  The  solution  has  a  yellowish  colour ;  doe^ 
not  a^Mrd  crystals ;  but,  when  evapovaled  to  dryness,  ibrms  i^ 
deliquesoent  iimms»  wbidi  is  soluble  in  akehal,  and  may  thus 
be  separated  from  the  green  sulpbale.  Its  solation  affi>rds  a 
bine  precipitate  witk  ferro*prussial»  of  potassa*  This  salt  has 
heeft  ealiedt  but  not  witk  propriety,  osy^suiphoie.    lu  kgki^ 

«  Ann.  of  Pbit«  x.  liQS.  iVt^.^B^iM*  t  lU  S08. 
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mate  name  woold  be  sulphate  of  peroxide  of  iron;  but^  as  this 
is  inconvenient  from  its  length,  it  may  be  called  the  per-sulpkaie 
of  iron.     It  consists,  according  to  Bcrzciius,  of 

Atoms. 
Sulphuric  acid    ....  60.44  ....   100.      . .  H  =  60 
Peroxide  of  iron  . . .  39.56  ....     65.5    . .  1     =40 


100.  165.5  100 

The  sulphurous  ncid^  also,  unites  with  protoxide  of  iron,  and 
forms  a  sulphite;  and  this  sulphite,  taking  an  additional  quan- 
tity of  sulphur,  composes  a  sulphureted  sulphite.  The  precise 
composition  of  these  salts  remains  to  be  determined. 

Nitrate  of  Iron, — Nitric  acid,  in  its  concentrated  state, 
scarcely  acts  upon  iron,  but,  when  diluted  with  a  small  quantity 
of  water,  it  dissolves  iron  with  great  vehemence;  and  with  the 
extrication  of  a  large  quantity  of  impure  nitrous  gas.  The 
solution,  at  first,  is  of  a  deep  green  colour,  but  when  nearly 
saturated  assumes  a  red  colour.  It  is  not  orystallizable,  but, 
when  evaporated,  forms  a  deliquescent  mass. 

The  nitrate  of  iron,  it  was  long  ago  shown  by  Sir  H. 
Davy,  may  exist  in  two  different  states,  the  green  nitrate,  in 
which  the  oxide  is  at  the  minimum  of  oxidation,  and  the  red, 
in  which  it  is  at  the  maximum. 

To  obtain  nitrate  of  iron,  in  which  the  oxide  is  at  the 
minimum,  acid  of  the  specific  gravity  of  1.25,  or  even  less,  must 
be  used ;  the  iron  must  be  added  in  large  pieces,  and  at  distant 
intervals ;  and  the  operation  carried  on  without  the  access  of 
air.  When  this  solution  is  made  on  a  large  scale  for  the 
purposes  of  the  dyer,  it  is  proper  to  connect  the  vessel,  in 
which  it  is  prepared,  with  a  large  receiver;  for,  in  the  latter, 
a  quantity  of  nitrous  acid  will  be  found,  which  is  wortji  the 
trouble  of  collecting.  Nitrate  of  iron,  thus  prepared,  passes, 
on  exposure  to  the  atmosphere,  to  the  state  of  that  in  whid) 
the  oxide  is  at  the  maximum.  The  composition  of  these  two 
nitrates  has  not  yet  been  accurately  determined. 

Muriate  o/*Jro/f.— Muriatic  acid  dissolves  iron  and  its  oxides 
with  great  ease;  and  affords  two  distinct  salts,  diflering  firon 
eifcfa  other  according  to  the  state  of  oxidation  of  the  metaV 
llie  muriate  containing  the  black  oxide  is  green,  and  that 
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containing  the  oxide  at  the  mftximum  red.     Botli  these  salts 
arc  deliquescent,  and  cannot  be  brought  to  crystallize. 

The  green  muriate  is  convertible  into  the  red  by  simple 
exposure  to  the  atmosphere.  Berzelius  describes  n  striking 
experiment  founded  on  this  property.  If  a  solution  of  tlie 
green  muriate  be  exposed  to  the  atmosphere,  in  a  tall  cylin* 
drical  glass  jar,  for  some  days,  and  a  few  drops  of  pure  ammo- 
nia' be  then  introduced  at  different  depths  by  means  of  a  tube, 
the  precipitate  formed  near  the  surface  will  be  green  ;  a  little 
lower  blue ;  still  lower  greyish  ;  then  of  a  dirty  white;  and  at 
the  bottom  perfectly  white,  provided  time  has  not  been  allowed 
for  the  atmospheric  oxygen  to  penetrate  so  low. 

Pliosphate  of  Iron. — Phosphoric  acid  acts  with  but  little 
energy  on  iron ;  but  both  the  oxides  of  iron  may  be  made  to 
combine  with  phosphoric  acid  by  double  affinity.  *  From  the 
mixed  solutions  of  green  sulphate  of  iron  and  phosphate  of 
soda,  a  blue  precipitate  is  formed,  which  is  a  proio-phosplinfe 
of  iron*  It  is  soluble  in  most  acids,  and  precipitated  again 
by  ammonia  without  change. 

The  per-phosp/iale  is  formed,  by  mingling  the  solutions  of 
per-8ulphate  of  iron  and  phosphate  of  soda,  when  an  insoluble 
yellowish  white  precipitate  results.  Both  these  pliosphates 
have  been  analyzed  by  Yogel ;  but  his  results  do  not  coincide 
strictly  with  any  atomic  proportions.  (Ann.  of  Phil.  xiii.  310.) 

Carbonate  (f  Iron, — The  only  oxide  of  iron,  so  far  as  is  yet 
known,  that  is  capable  of  uniting  with  carbonic  acid,  is  the 
protoxide.  The  combination  is  best  efiected  by  mingling  the 
sdutions  of  green  sulphate  of  iron  and  carbonate  of  potassa. 
Water  also»  impregnated  with  carbonic  acid  gas,  dissolves  pro* 
toxide  of  iron,  and  acts  on  the  metal  itself,  evolving  hydrogen 
gas  in  the  latter  case.  Carbonate  of  iron  is  foUnd  native, 
consisting  of  1  atom  of  protoxide  +  1  atom  of  carbonic  acid. 

Ferro-cyanaie  oflron^  or  Pnissian  B/ne.— The  process  for 
preparing  Prtissian  Blue  consists,  essentially,  in  calcining  to* 
gether,  in  a  covered  crucible,  equal  weights  of  dried  bloody 
horn  shavings,  or  almost  any  animal  substance,  and  carbonate 
of  potassa;  then  lixiviating  the  product,  which  is  a  cyanide  of 
potaasium;  and  mixing  the  liqoid  (called  formerly  lixivium 
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tangumls)  with  a  solution  of  two  parts  of  akim  and  (me  of 
sulphate  of  iron*  The  precipitate,  which  has  a  clingy  green 
colour,  is  to  be  washed  first  with  muriatic  acid,  which  changes 
It  to  a  beautiful  deep  bluc^  and  then  with  abundance  of  water. 
The  process,  however,  of  which  tliis  is  a  mere  outUne,  is  oee 
of  some  nicety,  and  requires  attention  to  a  niMnber  of  mim^ 
observances,  the  detail  of  which  would  be  tedious;  and  for 
iwhich  I  refer,  therefore,  to  Martyn's  Abridgment  of  the  Phi* 
loBophical  Transactions,  vol.  vii.  p.  747. 

Though  Prussian  bine  was  discovered  so  long  ago  as  the 
year  1710,  yet  its  true  nature  was  not  understood  till  Scheele, 
in  1 782,  rendered  it  tl>e  sul:yect  of  an  exoelleRt  essay,  published 
in  the  collection  of  the  Royal  Academy  of  Stockholm,  and 
also  in  bis  works.  (Essay  20,  2lO  It  bad,  previously  to  that 
time,  been  examined  by  Maoquer,  and  has  aiDce  been  ably  in* 
vestigated  by  Bcrthollet,  Proust,  Vanqcidin,  Porrett,  Thorn* 
eon.  Gay  Lussac,  Robiquet,  and  BerzeUns,  bat  stiU,  as  it  ap- 
pears to  me^  witiiuut  our  having  attained  that  certainty  res- 
pecting its  composition,  which  we  have  acqmved  respecting 
the  generality  of  cbemicai  compounds. 

The  Prussian  blue  of  commerce  is  an  impure  substanoey 
and  coBleins  a  variety  of  other  matters,  especially  a  quantity 
of  alumina.  For  chemical  experiments,  it  is  pix>per,  therefone^ 
to  prepare  it  by  mixing  the  solutions  of  faro-cyanate  of  potassa 
and  persulphate  or  permuriate  of  iron,  and  washing  the  pre* 
cipitate,  first  with  muriatic  acid,  and  then  with  water.  If  a 
salt  of  iron  be  used,  containing  an  oxide  at  the  miaimvm  of 
oxidation,  the  precipitate  produced  by  ferra<yanate  of  potassa 
is  whiter  and  contiDnes  so,  as  long  as  it  is  guarded  from  the 
action  of  the  atmosphere;  but  it  changes  to  blue  by  exposure 
to  die  air,  or  by  mixture  with  any  agent  capable  of  impartiaig 
oxygen.  Potassa  is  always  found  as  an  ingredient  of  the 
white  prnssiate. 

Prussian  bine  is  insoluble  in  water,  and  in  acids,  unless 
when  thej  are  concentrated  and  heated.  When  thoroughly 
dried,  it  shows  a  great  affinity  for  moisture,  by  absorbing  it 
rapidly  from  the  atmosphere.  It  is  not  decomposed  by  being 
heated  to  30?^  Fakr.;  but»  at  a  higher  temperature^  it  catdMs 
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fire,  and  bums  in  ihe  manner  of  tinder,  leaTing  from  54  to  60 
per  cent,  of  oxide  of  iron. 

When  prossian  blue  in  fine  powder  is  added  to  a  heated 
solution  of  potassa,  a  hydrated  peroxide  of  iron  is  separated^ 
the  colour  of  which  is  not  a  bad  indicator  of  the  valne  of  the 
fNgment  used  in  the  arts;  for  its  excelicnce bears  a  proportion 
to  the  deep  redness  of  the  oxide.  The  liquor  is  a  sdntion 
of  the  salt,  which  has  ahready  been  described  asthe^m-o- 
cj/OHOte  qfpoiassa. 

When  Prussian  blue  is  kept  in  contact  with  water  and  iron 
IDfaigs,  or  with  sulphureted  hydrogen,  it  is  deeomposed,  in 
conseqnence  of  the  de-oxidation  of  the  iron,  and  redaced  to 
the  state  of  the  white  componnd :  but  this  again  becomes  blue 
on  restoring  oxygen. 

Pure  pmsnan  blue,  added  to  concentrated  sulphuric  acid, 
increases  in  volume,  and  becomes  white;  but  its  colour  is 
restored  on  adding  a  snfiiciency  of  water.  Muriatic  acid  haa 
ao  ac^on  on  it,  unless  when  concentrated  and  heated,  and  then 
(as  Robiquet  has  shown,  An.  de  Ch.  et  Phys.  xii.  M4)  it  sepa- 
rates the  greater  part  of  the  oxide  of  iran,  leaving  a  crystal- 
lizable  substance,  analogous  to  that  which  is  obtained  by  de- 
composing  ferro-cyanate  of  potassa  by  tartaric  acid,  and  which 
Mr.  Porrett  has  termed  ferrurHled  chyaxic  add. 

Bemdes  prussian  blue,  there  appears,  from  Berselias's  ex- 
periments (An.  of  Phil.  N«  S.  i.  444),  to  be  another  blue  com- 
pound <^the  same  elements,  whidi  is  soluble  to  some  extent  in 
water.  Prussian  blue,  in  the  dingy  green  state  in  which  it  is 
first  precipitated  by  lixivium  sanguinis,  seems  also  to  contain 
an  excess  of  base,  which  muriatic  acid  removes.  There  are 
probably,  therefore,  three  compounds  in  which  the  per<»ide, 
and  4»ie  in  which  the  protoxide,  exists  as  the  base. 

Prassian  blue  submitted  to  distillation  per  se  gives  water^ 
hydro-cyanatc  of  ammonia,  carbonic  acid,  and  other  gases. 

Refpeoting  tlie  nature  of  pmssian  blue,  a  variety  of  opinions 
have  been  entertained,  and  it  is  still  a  subject  on  which  chemists 
are  by  no  means^agreed.  No  theory  respectmg  it  can  be  en* 
tkled  to  notice  that  was  anterior  to  Oay  Lussac's  important 
ctisoov^  of  cyanogen.  His  researches  led  him  to  believe, 
that  Prussian  .bhie  is  a  compound  of  cyanogen  with  a  ferrngi- 
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nous  base,  and  that  it  is,  therefore,  not  a  prussiate,  but  a  cyanide; 
but  Vnuquelin,  having  directed  his  attention  to  this  part  of 
the  subject,  was  still  induced  to  regard  it  as  a  true  prussiate. 
According  to  Mr.  Porrett's  view,  it  is  a  compound  of  ferro- 
cyanic  acid  with  peroxide  of  iron.  Berzelius,  not  admitting 
die  existence  of  any  such  acid  as  the  ferro-cyanic,  regards 
Prussian  blue  as  a  compound  of  hydro-cyanate  of  protoxide 
of  iron  with  ))eroxide  of  iron,  in  proportions  admitting  of 
some  variation.  (Ann.  of  Phil.  N.S.  i.  444.)  Robiquet,  on 
the  other  hand,  considers  it  as  a  cyanide  of  iron,  combined 
with  a  ferro-cyanate  of  the  peroxide  and  with  water.*  Tlic 
subject,  in  its  present  state,  appears  to  me  very  obscure,  and 
I  refer  the  reader  who  is  disposed  to  examine  it,  to  the  papers 
of  Berzelius  and  Robiquet  already  quoted. 

TannO'gallaie  of  Iron. — When  sulphate  of  iron  is  mixed 
witli  an  infusion  of  galls,  we  obtain  a  black  solution,  which  is 
a  new  combination  of  oxide  of  iron,  with  the  gallic  acid  and 
tan.  Both  the  gallate  and  tannate  of  iron  are  essential  con* 
stituents  of  writing  inks;  the  other  ingredients  of  which  arc 
chiefly  added  with  the  view  of  keeping  these  insoluble  com- 
pounds suspended. 

In  order  that  the  iron  may  unite  with  the  gallic  acid  and 
tan,  it  must  exist  in  combination  with  the  sulphuric  acid  in 
the  state  of  red  oxide ;  for  the  less  oxydized  iron,  in  the  green 
salt,  does  not  form  a  black  compound  with  these  substances. 
Iron  filings,  however,  dissolve  in  an  infusion  of  galls,  with  an 
extrication  of  hydrogen  gas;  but  the  compound  is  not  black 
till  after  exposure  to  air,  which  oxidizes  the  iron  still  farther* 
This  solution,  with  a  suflScient  quantity  of  gum,  forms  an  ex- 
cellent writing  ink. 

On  the  same  principle  may  be  explained  the  effect  of  me- 
tallic iron  in  destroying  the  colour  of  ink*  "When  ink  is  di* 
gested  with  iron  filings,  and  frequently  sliaken,  its  colour  de- 
cays ;  and  it  also  becomes  colourless  afler  having  a  stream  of 
aulphareted  hydrogen  gas  passed  through  it.  In  both  theae 
cases  the  oxide  of  iron  is  partly  deoxidized.  Characters 
written  with  ink,  after  this  treatment,  are  at  first  ill^iUe* 

*  Aon.  iit  Chim.  tc  Phyt.  xiu  and  xnu 
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but  become  black  as  the  iron  Requires  oxygen  agam    from 
the  air. 

The  combination  of  iron,  forming  ink,  is  destroyed  by 
pure  and  carbonated  alkalis.  Apply  a  solution  of  alkali  to 
character  written  with  common  ink,  the  blackness  will  dis- 
appear, ami  the  characters  will  become  brown,  an  oxide  of 
iron  only  remaining  on  the  paper.  Alkalis,  added  cautiously 
to  liquid  ink,  precipitate  the  black  cpmbination,  but  an  excess 
of  alkali  re-dissolves  the  precipitate. 

Characters,  which  have  been  eifaced  by  alkalis,  may  again 
be  rendered  legible  by  an  infusion  of  galls. 

Ink  is  also  decomposed  by  most  ocids,  which  separate  the 
oxide  of  iron  from  the  gallic  acid,  in  consequence  of  a  stronger 
affinity.  Hence  ink  stains  are  removed  by  dilute  muriatic 
acid,  and  by  some  vegetable  acids.  Hence,  also,  if  to  a  sa- 
turated solution  of  sulphate  of  iron  there  be  added  an  excess 
of  acid,  the  precipitate  no  longer  appears  on  adding  infusion 
of  galls.  When  a  mixture  of  ink  with  nitric  acid  is  heated, 
the  yellow  oxalate  of  iron  is  formed,  and  is  precipitated  on 
adding  pure  ammonia. 

Ink  is  decomposed  by  age,  partly  in  consequence  of  the 
farther  oxidation  of  the  iron,  and  partly,  perhaps,  in  conse- 
quence  of  the  destruction  of  the  acid  of  galls.  Hence  ink- 
stains  d^enerate  into  iron-moulds,  and  these  last  are  imme- 
diately produced  on  an  inked  spot  of  linen  when  washed  with 
soap,  because  the  alkali  of  the  soap  abstracts  the  gallic  acid^ 
and  leaves  only  an  oxide  of  iron.  Ink  is  decomposed  also  by 
chlorine,  which  destroys  the  gallic  acid,  and  the  resulting- 
muriatic  acid  dissolves  the  oxide  of  iron. 

As  all  writing  inks,  into  the  composition  of  which  iron 
enters,  are  liable  to  decay  by  time,  and  to  be  destroyed  by 
various  agents,  an  ink  has  been  proposed  by  Mr.  Close,  the 
basis  of  which  is  similar  to  that  of  printing  ink. — Take  oil  of 
lavender  200  gBhins,  gum  copal,  in  powder,  25  grains,  and 
lamp-black  from  ^  to  S  grains.  With  the  aid  of  a  gentle 
heat  dissolve  the  copal  in  tiie  oil  of  lavender  in  a  small  phial» 
juid  then  mix  the  lamp  black  with  the  solution,  on  a  marble 
alab,  or  other  smooth  sur&oe.  After  a  repose  of  some  hours^ 
Ae  ink  must  be  shaken  before  iise^  or  stirred  with  on  iron 
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wire,  and  if  too  thick,  must  be  diluted  with  a  little  oil  of  la- 
vender.* This  ink  I  have  found  extremely  useful  in  writing 
labels  ibr  bottles  which  contain  acids,  or  which  are  exposed 
to  acid  fumes  in  a  laboratory. 

Succinate  of  Iron. — The  succinic  acid  composes  with  iron  a 
brown  mass,  insoluble  in  water.  The  combination  is  best  ef> 
fected  by  double  decomposition,  and  especially  by  the  addition 
of  a  solution  of  succinate  of  ammonia  to  the  salts  of  iron. 
A  brown  red  precipitate  of  succinate  of  iron  falls  down* 
This  precipitate  Klaproth  exposes  to  heat,  first  by  itself,  and 
afterwards  mixed  with  a  small  quantity  of  linseed  oil.  The 
first  operation  destroys  the  acid,  and  the  second  reduces  the 
metal  to  the  state  of  black  oxide.  Now,  as  the  black  oxide 
contains,  in  100  parts,  77.2  of  metallic  iron,  the  precipitation 
of  a  solution,  by  succinate  of  ammonia,  affords  a  ready  method 
of  estimating  the  quantity  of  iron  in  any  solution  of  that  metal, 
or  in  any  of  its  salta. 

Acetate  of  Iron. — The  acetic  acid,  or  even  common  vinegar, 
acts  slowly  upon  iron,  and  forms  a  solution,  which  is  of  great 
use  in  dyeing  and  calico-printing.  The  acetate  of  iron  may, 
also,  be  obtained  by  double  decomposition,  if  we  mingle  the 
solutions  of  acetate  of  lime  or  of  lead  with  one  of  sulphate  of 
iron.  It  may  be  formed,  also,  by  boiling  acetate  of  lead  with 
metallic  iron,  which  precipitates  the  lead  in  a  metallic  state. 
This  combination  of  iron  with  acetous  acid  may  exist,  like 
its  other  salts,  in  two  different  states.  In  the  one,  the  oxide  is 
at  the  minimum,  and  in  the  other  at  the  maximum  of  oxida^ 
tion.  It  is  the  latter  salt  chiefly,  which  is  adapted  to  the  use 
of  the  dyer  and  calico-printer. 

Sulphuret  of  Iron. — Iron  combines  with  sulphur,  and  af- 
fords compounds,  the  characters  of  which  vary  greatly  accord- 
ing to  the  proportions  of  their  components,  {a)  A  paste  of 
iron  filings,  sulphur,  and  water,  if  in  sufiicient  quantity,  will 
burst,  after  some  time,  into  flame,  {b)  A  mixture  of  one  part 
of  iron  filings  and  three  parts  of  sulphur,  accurately  mixed,  and 
melted  in  a  glass  tube,  at  tlie  moment  of  union  exhibits  a 
brilliant  combustion.    The  best  method,  however,  of  effecting. 


*  Se«  Nichol8(m\i  Joun^l,  8vo.  »•  145. 
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the  combination  of  iron  and  sulphur  is  to  take  a  bar  of  the 
metal,  while  of  a  glowing  heat,  from  a  smith's  forge,  and  to 
rob  it  with  a  roll  of  sulphur.  The  compound  of  iron  and 
sulphur  falls  down  in  drops,  and  may  be  preserved  in  a  phiaK 
Of  the  compounds  of  sulphur,  this  is  one  of  those  which  are 
best  adapted  for  aflfbrding  pure  sulphureted  hydrogen  gas 
with  diluted  acids,  (c)  The  sulphuret  of  iron,  when  mois- 
tened, rapidly  decomposes  oxygen  gas,  and  passes  to  the  state 
of  sulphate,  (d)  When  diluted  sulphuric  or  muriatic  acid  is 
poured  on  it,  wo  obtain  sulphureted  hydrogen  gas. 

In  the  sulphuret,  made  artificially  by  fusion,  as  well  as  in 
the  native  sulphuret,  iron  (it  has  been  shown  by  Proust  and 
Mr.  Hatchett)  is  in  the  metallic  state.  Two  compounds  of 
iron  and  sulphur  have  been  proved  to  exist,  the  one  with  a 
smaller,  the  other  with  a  larger  proportion  of  sulphur.  The 
former,  which  is  distinguished  by  the  property  of  being  mag- 
netic, is  the  prolo-sulplmret.  The  bi-mlphuret  is  known  only 
as  a  natural  product ;  it  is  not  magnetic ;  is  nearly  insoluble 
in  diluted  sulphuric  and  muriatic  acids ;  and  gives  no  sul- 
phureted hydrogen  gas  with  acids.  But  the  proto-sulphuret 
is  readily  soluble  in  dilute  acids,  and  gives  during  solution 
abundance  of  sulphureted  hydrogen.     It  is  composed  of 

Atoms. 

Iron 63 100 T  =  28 

Sulphur 37 58.75 1  =  16 

100.  44. 

And  the  bi-sulphuret  is  composed  of 

Iron 46.08 100 1  «  28 

Sulphur 66.92 127 2  =  32 

100.  60 

Though  the  artificial  sulphuret  varies  in  its  composition,  yet 
it  is  probable  that  these  varieties  are  ocoasioned  by  thesulphu<» 
ret  l)eing  mechanically  mixed  with  diflbrent  proporticxis  of  rae« 
udlic  iron.  The  foregoing  appear  to  be  the  only  well  ascer- 
tained and  definite  compounds  of  iron  and  sulphur ;  and  the 
analysis  oiiSktm  by  Benseliiis,  it  may  be  observed,  agvee»  very 
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nearly  with  ihnt  of  Proust,  and  indeed  does  not  difler,  as  to 
either,  one  percent.  If  the'proto-sulphuret  be,  as  is  consistent 
with  all  we  know  at  present,  that  compound  in  which  sulphur 
exists  in  the  smallest  proportion,  this  would  be  unfavourable  to 
the  notion  of  any  oxide  of  iron  with  less  oxygen  than  the  black 
oxide.  For  in  almost  eveiy  other  instance,  the  protoxide  of 
a  metal  contains  a  quantity  of  oxygen  equal  to  half  the  sul- 
phur in  the  proto-sulphuret,  a  coincidence  sufficiently  ex- 
plained by  admitting  both  to  be  Unai-y  compounds^  in  the 
sense  of  the  word  annexed  to  it  by  Mr.  Dalton,  and  that  the 
weight  of  the  atom  of  oxygen  is  just  half  the  weight  of  the 
atom  of  sulphur.  Gay  Lussac  contends  for  the  existence  of 
three  sulphurets  corresponding  to  his  supposed  three  oxides 
of  iron  ;♦  but  the  details  of  the  experiments  establishing  their 
existence  still  remain  to  be  published. 

Carburet  of  Iron. — Iron  combines  with  carbon  in  various 
proportions ;  and  the  varieties  of  proportion  occasion  great  dif- 
ferences of  properties  in  the  compounds.  On  these  varieties, 
and  the  occasional  combination  of  a  small  proportion  of  oxygen, 
depend  the  qualities  of  the  different  kinds  of  iron  used  in  the 
arts,  as  cast  iron,  steel,  &c.  &c.  The  quantity  of  carbon,  in 
the  sub-carburets  of  iron,  may  be  determined  by  solution  in 
sulphurous  acid,  which  dissolves  the  iron  and  sulphur,  and 
has  no  action  on  carbon.  An  ingenious  mode  of  analysis,  em- 
ployed by  Mr.  Mushet,  consists  in  ascertaining  the  quantity 
of  litharge  which  a  given  quantity  of  the  iron  under  exami- 
nation is  capable  of  reducing,  by  fusion,  to  a  metallic  state. 

There  can  scarcely  be  a  more  striking  example  of  essential 
differences  in  external  and  physical  characters  being  pro- 
duced by  slight  differences  of  chemical  composition,  than  in 
the  carburets  of  iron  ;  for  steel  owes  its  properties  to  not  more 
than  from  -^V  to  t??^'^  '^^  weight  of  carbon.  This  appears  to 
be  the  only  addition  necessary  to  convert  iron  into  steel ;  for 
though  it  18  proved  thai  the  best  steel  is  made  from  iron  which 
has  been  procured  from  ores  containing  manganese,  yet  care* 
iiil  and  skilful  analysis  discovers  no  manganese  in  steel.i- 

Casi  or  crude  fron,  besides  casual  impurities,  contMos  oxy- 

*  80  Aim.  de  Cbim.  170.  f  Ann.  d«  Chim.  tt  Phjrs.tu. 
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gen,  carbon,  and  the  metal  of  silica ;  bnt  its  differences  depend 
chiefly  on  the  various  proportions  of  carbon,  which  is  greatest 
in  the  black,  and  least  in  the  grey,  variety  of  iron.  Bera&e-* 
lias,  indeed,  denies  the  presence  of  oxygen  in  cast  iron,  and 
asserts  that  its  differences  of  quality  are  produced  by  variable 
proportions  of  charcoal,  manganese,  and  the  metallic  bases  of 
magnesia,  lime,  and  silica.*  By  the  process  of  refining,  or  pud-* 
dtingj  as  it  is  called,  which  is  well  described  by  Dr.  Beddoesin 
the  8  ist  vol.  of  the  Philosophical  Transacdons^  cast  is  converted 
into  malleable  iron ;  the  carbon  and  oxygen  unite  together, 
and  escape  in  the  form  of  carbonic  oxide ;  while  another  part 
of  the  oxide  of  iron  unites  to  the  earthy  matter,  and  rises  to 
the  surface  in  the  form  of  a  dense  slag.  A  large  quantity  of 
impurities  is  afterwards  mechanically  squeezed  out,  by  passing 
the  bars  of  iron  between  rollers.  Aft^  this  process,  it  forma 
malleable  or  bar  iron,  which,  though  the  purest  form  of  iron  of 
commerce,  may  be  considered  as  iron  still  holding  some 
oxygen  and  carbon  in  combination,  the  latter  of  which,  even  in 
very  ductile  iron,  amounts,  according  to  Berzelius,  to  about 
one  half  per  cent.  Hassenfratz  has  suggested  that  iron,  which 
has  been  manufactured  with  wood  charcoal,  may  probably 
contain  potasrium,  and  may  owe  its  superiority  to  this  circum- 
stance ;  and  Berzelius  has  rendered  it  probable  that  even  the 
most  ductile  iron  contains  silicium.t 

If  bar  iron  be  long  and  slowly  heated,  in  contact  with  char- 
coal, it  loses  oxygen  and  acquires  carbon,  and  thus  becomes 
steeL  A  small  proportion  only  of  carbon,  united  with  iron,  is 
not  capable  of  depriving  it  entirely  of  the  properties  of  mallea- 
ble iron ;  for  though  it  becomes  a  good  d^  harder,  yet  it  may 
still  be  welded.  By  union  with  a  still  farther  quantity  of  car- 
bon, it  loses  altogether  the  property  of  welding ;  is  rendered 
harder  and  more  compact;  and  forms  the  fine  cast  steely 
Steel,  therefore,  though  like  cast  iron  it  contains  carbon,  yet 
diflers  from  it  essentially  in  being  destitute  of  oxygen  and 
earthy  matter.  The  charcoal,  which  it  contains,  may  be  ex- 
hiluted  in  the  form  of  a  black  stain,  on  applying  a  drop  of 
almost  any  weak  acid  to  the  surface  of  polished  steel. 

*  40  PhiL  Mag.  p.  945.  f  78  Apn  4e  Chim.  p.  f^^. 
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Steel,  when  ignited  and  suddenly  cooled)  is  rendered  so  hard 
and  brittle  as  to  be  unfit  for  any  useful  purpose.  .  To  remove 
this  defect,  it  requires  what  is  called  iemperingj  which  consists 
in  heating  it  up  to  a  point  that  varies  with  the  object  to  which 
the  steel  is  destined.  When  thus  heated,  it  assumes  various 
colours,  which  were  formerly  the  only  guide  for  judging  of 
the  degree  of  temper;  but  this  is  now  much  better  ascertained 
by  using  a  bath  of  mercury  or  fusible  metal,  and  regulating 
its  temperature  by  the  thermometer,  which  may  range  from 
400^  to  600^  Fahr.  according  to  the  use  for  which  the  steel  is 
intended. 

Steel  admits  of  being  alloyed  with  several  other  metals,  and 
the  alloys,  as  appears  from  a  recent  investigation  of  Messrs* 
Stodart  and  Faraday  (Phil.  Trans.  1822),  are  applicable  to 
various  important  uses.  The  silver  alloy,  containing  about 
^^  of  that  metal,  may  be  advantageously  applied  to  every 
purpose  for  which  good  steel  is  required.  With  .^-^  of  plati- 
num, steel  acquired  such  an  increase  of  toughness  as  well  as  of 
hardness,  as  fully  to  compensate  its  additional  cost.  With 
rhodium,  as  well  as  with  iridium  and  osmium,  very  valuable 
compounds  were  obtained ;  but  till  these  metals  can  be  had  at 
less  cost  and  in  greater  quantity,  their  compounds  with  steel 
can  be  of  little  practical  use,  except  for  small  and  delicate  in- 
struments. In  the  analysis  of  these  alloys,  Mr.  Faraday  re- 
marked that  some  of  them,  especially  that  into  which  platina 
entered  in  the  proportion  of  not  more  than  -r^th,  was  acted 
on  with  great  energy  by  dilute  sulphuric  acid,  gas  being 
evolved  vei*y  rapidly,  and  the  alloy  dissolved  in  a  time  during 
which  pure  steel  was  scarcely  affected.  This  effect,  he  ascribes 
to  the  formation  of  a  Voltaic  combination  by  the  two  metals. 
It  could  not  be  owing  to  the  mere  separation  of  the  particles 
of  steel  by  the  interposed  foreign  metal;  for  the  effect  was  di- 
minished by  increasing  the  proportion  of  piatina. 

Another  combination  of  iron  and  carbon,  which  is  a  true 
carburet  of  iron,  is  the  substance  called  plumbago,  or  black- 
lead,  used  in  fabricating  pencils,  and  in  covering  iron  to  pre- 
vent rust.  By  exposure  to  the  combined  action  of  heat  and 
air,  the  carbon  is  burned  off,  and  the  oxide  of  iron  remains. 
"When  mingled  also  with  powdered  nitrate  of  potassa,  and 
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thrown  into  a  crucible,  a  deflagration  ensues ;  and  peroxide 
of  iron  may  be  obtained  by  washing  off  the  alkali  of  the  nitre. 
From  the  experiments  of  Messrs.  Allen  and  Pepys,  it  appears 
that  pure  plumbago,  when  burnt  in  oxygen  gas,  leaves  a  residue 
of  oxide  of  iron  amounting  only  to  about  5  per  cent. ;  and 
ttiat  it  gives  very  nearly  the  same  quantity  of  carbonic  acid,  by 
combustion,  as  the  diamond  and  charcoal.  When  intensely 
heated  in  a  Toricellian  vacuum  by  a  Voltaic  battery,  Sir  H. 
Davy  found  that  its  characters  remained  wholly  unaltered. 
Neither  could  any  evidence  of  its  containing  oxygen  be  de- 
rived from  the  action  of  potassium.*  But  when  exposed  to 
the  focus  of  a  powerful  lens  in  oxygen  gas,  it  was  observed  that 
the  gas  became  clouded  during  the  process,  and  that  there 
was  a  deposition  of  dew  on  the  interior  surface  of  the  glass 
globe ;  a  fact  which  indicates  that  plumbago,  like  charcoal, 
contains  a  small  proportion  of  hydrogen. 

Iron  unites  with  various  other  metals.  With  potassium  and 
sodium,  it  forms  alloys  more  fusible  and  whiter  than  iron,  and 
which  effervesce  when  added  to  water.  Stromeyerf  has  in- 
vestigated the  alloy  of  iron  and  silicium.  It  is  formed  by 
heating  together  iron,  silica,  and  charcoal.  The  alloy  is  dis- 
solved very  slowly  by  acids,  for  it  becomes  covered  witli  a 
coat  of  silica,  which  defends  it  from  farther  action,  till  it  has 
been  removed.  Manganese  forms  a  white  and  brittle  alloy 
with  iron.  Iron,  also,  forms  an  alloy  with  tin ;  and  iron  plates, 
previously  cleaned  by  a  dilute  acid,  may  be  covered  with  tin 
by  dipping  them  into  that  metal  when  melted.  The  process 
has  been  fully  described  by  Mr.  Parkes  in  the  third  vol.  (new 
series)  of  the  Manchester  Society's  Memoirs,  and  in  the  8th 
vol.  of  the  Quarterly  Journal. 


SECTION  XVII. 

Tin. 

The  properties  of  tin  must  be  examined  in  the  state  of 
grain-lin  or  block-tin;  what  is  commonly  known  by  the 
name  of  tin,  being  nothing  more  than  iron  plates  with  a  thin 

^  Philosophical  Transactions,  1809.  f  8t  Aud.  de  Chim. 
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covering  of  this  metal.  Several  varieties  of  tin  are  met  widi 
in  commerce,  ibr  the  discrimination  of  which,  and  the  means 
of  judging  of  their  purity,  Vauquelin  has  given  useful  instruc- 
tions in  the  ?7th  volume  of  the  Annalcs  de  Chimie ;  and  an 
interesting  account  of  the  ores  of  tin,  and  of  the  processes  for  ex« 
tracting  the  metal  in  Cornwall,  has  been  given  by  Mr.  Taylor 
in  the  5th  vol.  of  the  Geological  Society's  Transactions.  Cor« 
nish  grain  tin  has  been  shown  by  Dr.  Thomson  to  contain 
only  a  very  minute  proportion  of  foreign  metals,  never  exceed- 
ing, and,  for  the  most  part,  much  less  than  x^th  part,  which 
is  chiefly  copper  derived  from  the  ore.* 

Tin  has  a  silvery  white  colour,  and  by  exposure  to  tlie  air 
acquires  a  slight  superficial  tarnish,  which  does  not  appear  to 
increase  by  time.  Its  specific  gravity  is  about  7.9.  It  is  ex- 
tremely soft;  scarcely,  if  at  all,  elastic  ;  and,  when  a  piece  of  it 
is  bent  backwards  and  forwards,  it  gives  a  peculiar  crackling 
noise.  It  is  very  malleable,  and  may  be  beaten  into  leaves 
^j^  of  an  inch  thick. 

Tin  melts  on  the  application  of  a  moderate  heat,  equal  to 
442^  Fahrenheit  (Creighton),  by  a  long  continuance  of  which 
it  is  converted  into  a  grey  powder.  This  powder,  which  ap- 
pears to  be  the  first  oxide  of  tin,  when  mixed  with  pure  glass, 
forms  a  white  enamel.  It  may  be  procured,  also^  by  calcining, 
in  a  close  vessel,  the  precipitate  from  fresh  made  muriate  of 
tin  by  carbonate  of  potassa.  There  is  some  difficulty  in  ob- 
taining the  protoxide  pure,  on  account  of  its  tendency  to  pass 
to  the  state  of  peroxide.  M.  Cassola  has  given  the  following 
process  as  one  which  never  fails.  Upon  filings  of  tin  he  pours 
nitric  acid  diluted  with  ten  times  its  volume  of  water,  and  leaves 
the  two  substances  in  contact  48  hours.  The  tin  acquires  a 
brownish  black  colour,  and  is  converted  into  protoxide.  (Ann. 
of  Phil.  xiii.  40.)  Tin  is  not  oxidized  at  common  tempera- 
tures, even  by  the  concurrent  presence  of  air  and  moisture. 

The  grey  oxide,  when  brought  to  a  full  red  heat,  takes  fire; 
and,  acquiring  an  increase  of  oxygen,  passes  to  a  pure  white 
(yellow  according  to  Thomson.)  This  peroxide,  when  the 
heat  is  considerably  raised,  loses  a  part  of  its  oxygen  and  runs 
into  fusion.     The  peroxide  may  be  obtained  at  once  by  pro- 

*  Tlioinson's  Annals,  x.  166. 
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jecting  tin  into  a  crucible  intensely  heated^  when  the  oxide 
rides  in  the  form  of  flowers  somewhat  t-esembling  those  of  sitidi 
It  may,  also^  be  procured,  as  Ber^lius  found,  by  distilling 
powdered  tin  with  red  oxide  of  mercury.  It  is  insoluble  in 
all  the  acids ;  but  its  hydrates,  which  are  white,  dissolve  rea-» 
dily  in  muriatic,  but  not  in  nitric  acid. 

The  oxides  of  tin  hare  been  investigated  by  Dr.  Davy,* 
Gay  Lussac,  and  Berzelius,  and  their  results  differ  so  little^  as 
to  furnish  a  strong  presumption  of  their  correctness.  Gay 
Lussac  states  the  composition  of  the  protoxide  to  be 

Tin 88.10    100. 

Oxygen 11.90   13.6 

100. 
And  that  of  the  peroxide,  in  which  he  agrees  with  Klaproth, 

Tin 19   100. 

Oxygen  .,.* 21    •  • « • , i , .  • .     27.2 

loot 

The  equivalent  ibr  tin,  deducible  from  the  protoxide,  is,  in 
round  numbers,  59.  Tlie  protoxide  then  will  be  represented 
by  67,  And  the  peroxide  by  75. 

Besides  these  two  oxides,  Berzelius  suspects  the  existencd^ 
of  an  intermediate  one,  which  is  formed  when  ,tin  is  acted  on 
by  nitro-muriatic  acid ;  and  which  enters  into  the  composition 
of  deuto-muriate  of  tin.f  It  has  a  yellow  colour,  and,  from 
theory,  should  consist  of  100  metal  +  20.4  oxygen;  but  he 
does  not  appear  fully  to  have  satisfied  himself  on  the  subject ; 
and  its  existence  is  thought  by  Oay  Lussac  to  be  extremely 
questionable. 

The  oxides  of  tin  have,  in  a  certain  degree,  the  properties 
of  acids,  so  as  to  render  it  doubtful  whether  they  should  not 
be  arranged  in  that  class  of  compounds.  But  their  affinities 
for  bases  are  so  feeble,  that  it  seems  advisable,  on  the  whole, 
to  retain  them  in  the  class  of  oxides. 

The  precipitates  from  solutions  of  tin  by  alkalis  are  hydralesy 

♦  Phil.  Trans.  1812, 194. 

t  Ann.  dto  Chim,  et  PhyS.  i.  43  \  ^tid  v.  151.      %  87  ind.  dd  Child.  hO. 
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aud  have  a  white  colour.  They  are  soluble  in  an  excess  of 
fixed  alkali;  but  the  oxide  is  precipitated  by  the  weakest  acid, 
even  the  carbonic.  The  hydrates  of  tin  are,  also,  decomposed 
by  the  action  of  boiling  water.  Dr.  Thomson  has  described 
two  hydrates,  the  one  composed  of  100  peroxide  and  24  water, 
which  corresponds  with  two  atoms  of  water,  and  one  of  oxide ; 
the  other,  of  100  peroxide  and  48  water,  in  which,  of  course, 
one  atom  of  peroxide  is  united  with  four  of  water. 

Chloride  of  Tin. — Tin  may  be  brought  to  combine  with 
chlorine,  by  first  forming  six  parts  of  it  into  an  amalgam  with 
one  of  mercury,  triturating  this  with  30  parts  of  corrosive  sub- 
limate, and  distilling  the  mixture  from  a  glass  retort  into  a  ca-' 
pacious  receiver,  taking  care  to  raise  the  heat  very  gradually. 
Or  the  same  compound  may  be  formed,  according  to  Proust, 
by  distilling  a  mixture  of  eight  ounces  of  powdered  tin  and 
twenty-four  ounces  of  corrosive  sublimate.  The  result  is  a 
liquid  which  emits  dense  white  fumes,  when  exposed  to  the  air, 
and  was  formerly  termed  the  Jrtming  liquor  of  Libavius.  It 
gives  no  precipitate  with  muriate  of  gold  or  muriate  of  mer- 
cury; affords  a  yellow  sediment  with  hydro- sulphuret  of  po- 
tassa ;  dissolves  a  farther  portion  of  the  metal  without  eiFerves- 
ence,  and  is  then  changed  into  the  common  muriate.  It  has 
the  property  of  inflaming  oil  of  turpentine  when  suddenly 
poured  into  that  liquid. 

This  compound,  carefully  examined  by  Adet,  is  proved  to 
be  a  per-chloride  ofliriy  perfectly  free  from  water,  and  having 
a  strong  affinity  for  that  fluid.  Hence  arises  its  fuming  pro- 
perty; for  the  white  vapours,  which  exhale  when  the  bottle 
is  unstopped,  arise  from  the  union  of  the  salt  with  the  mois- 
ture of  the  air.  It  may  be  formed  at  once,  by  heating  tin  in 
chlorine  gas ;  and  it  consists,  according  to  Dr.  Davy,  of  59 
tin,  and  72  chlorine,  or, 

Perchloride..{3^^--J^;;  ^ 

100  131 

Another  compound  of  tin  and  chlorine,  called  proiochloride 
of  tifiy  may  be  obtained  by  heating  an  amalgam  of  tin  and  mer- 
cury with  calomel.    It  dissolves  in  water,  and  forms  a  solution. 
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similar  to  the  mariate  of  the  protoxide^  which  rapidly  absorbs 
oxygen  from  the  air,  and  deposits  peroxide  of  tin.  It  is  com- 
posed of  59  tin  and  36  chlorine,  or 

Atom. 

P™u..chwi<i«..(S-v^;;;;'S*;;:;!r| 

100  95 

The  results  of  the  analysis  of  the  chlorides  i^rees  sufficiently 
with  that  of  the  oxides  of  tin,  to  render  it  probable  that  59  is 
very  near  the  true  equivalent  of  that  metal. 

Chlorate  of  tin  is  unknown. 

Iodide  oftiriy  formed  either  by  the  direct  combination  of  tin 
with  iodine,  or  by  adding  hydriodic  acid  to  protomuriatc  of 
tin,  is  an  orange  coloured  substance.  The  proportion  of  its 
elements  has  not  been  ascertained. 

Sulphate  of  Tin. — Tin  dissolves  in  sulphuric  acid,  which 
takes  up,  when  concentrated  and  heated,  half  its  weight  of 
metal.  It  is  dissolved  also  by  this  acid,  diluted  with  about  a 
fourth  its  weight  of  water,  and  heateil.  During  both  theto 
processes,  sulphurous  acid  is  disengaged ;  and,  in  the  latter, 
a  pellicle  of  sulphur  forms  on  the  surface  of  the  solution,  which 
precipitates  on  cooling.  When  saturated,  the  solution  depo- 
sits, after  a  while,  needle-shaped  crystals  of  sulphate  of  tin. 
If  the  sulphate  be  long  boiled,  a  copious  white  precipitate  sub- 
sides, which  will  not  again  dissolve.  It  is  composed  of  the 
white  oxide  retaining  only  a  small  portion  of  acid,  and  con- 
stituting in  fact  a  subsulphale. 

Nitrate  of  Tin. — When  nitric  acid  highly  concentrated  is 
poured  upon  tin  filings,  very  little  effect  is  produced;  but 
when  a  small  quantity  of  water  is  added,  a  violent  effervescence 
follows ;  and  the  metal  is  reduced  to  a  bulky  powder,  which 
is  the  white  oxide  retaining  a  little  acid.  If  more  water  be 
added,  an  acid  liquor  is  obtained,  holding  very  little  tin  in 
solution  ;  and  containing  nitrate  of  ammonia,  the  alkaline  base 
of  which  is  formed  by  the  simultaneous  decomposition  of  the 
water  and  nitric  acid,  and  the  union  of  the  hydrogen  of  the 
former  with  the  nitrogen  of  the  latter.    Tin,  however,  is  slowly 
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dififiolVedt  trithoat  efierve&cence^  in  nitric  acid  greatly  diluted* 
The  solution  is  yellow^  and  deposits  oxide  of  tin  by  keeping. 

Muriate  of  Tin. — Muriatic  acid,  undiluted,  is  the  proper 
solvent  of  tin.  To  one  part  of  tin,  in  a  tubulated  retort,  two 
parts  of  concentrated  muriatic  acid  are  to  be  added,  and  heat 
applied.  The  solution  is  complete,  with  the  exception  of  a 
small  quantity  of  black  powder,  which  consists  of  protoxide  of 
copper  ;*  and  the  acid  takes  up  about  one-fourth  of  its  weight 
of  tin.f  The  solution  has  always  an  excess  of  acid ;  is  per*, 
fectly  limpid  and  colourless ;  and  contains  the  metal  at  the 
minimum  of  oxidation.  It  has  a  tendency,  however,  to  ac- 
quire a  farther  proportion  of  oxygen,  and  should,  therefore, 
be  carefully  preserved  from  contact  with  the  air.  This  pro- 
peity  of  absorbing  oxygen  is  so  remarkable,  that  it  may  even 
be  applied  to  eudiometrical  purposes.  Froto-muriate  of  tin 
has,  also,  the  property  of  reducing,  to  a  minimum  of  oxidation, 
those  compounds  of  iron,  in  which  the  metal  is  fully  oxidised ; 
for  example,  it  reduces  the  red  sulphate  to  the  green.  It  is  a 
test  also  of  gold  and  platinum,  as  already  noticed,  and  blackens 
the  solution  of  corrosive  sublimate.  With  hydro-sulphurets 
it  gives  a  black  precipitate.  The  proto-muriate  of  tin  appears 
to  be  composed  of  67  protoxide  +  S7  muriatic  acid,  or  of 

Muriatic  acid . .  SS.5   ....  100   ...  •     55 
Protoxide  of  tin  64.5    ....  182   ....  100 

100. 

Beside  this,  there  is  a  submuriaie,  first  described  by  Proust, 
and  analyzed  by  Dr.  Davy,  consisting  of  134  protoxide  -f  S7 
acid,  or  of 

Muriatic  acid 19.0   • 100 

Protoxide 70.4   364 

Water , . .  10.6 

100. 

*  Tbomson'i  Anniils,  x.  71. 

t  Od  the  preparation  of  muriate  of  tin,  see  Berardi  Atinales  de  Cliimie, 
Izviii.  78;  or  Nicholson's  Journal,  xxvi.)  andCbaudet,  Ann.de  Chim.  et 
Phys.  iii.  376. 
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NUiThmurialeqfTin.^^Th^  nilro-mariatic  ftcid  (formed  by 
mixing  two  or  three  parts  of  muriatic  acid  and  one  of  nitric) 
disfloltefl  tin  abundantly,  with  violent  efferresceoce,  and  with 
so  much  heat,  that  it  is  necessary  to  add  the  metal  slowly  by 
successive  portidns.  The  solution  is  apt  to  congeal  into  A 
tremblous  gelatinous  mass;  and  if  water  be  added,  it  is  partly 
decomposed,  and  some  oxide  separated.  The  solution,  used 
by  the  scarlet  dyers,  is  prepared  with  that  dilute  nitric  acid 
called  single  aquarfortis,  to  each  pound  of  which  are  added 
from  one  to  two  ounces  of  the  muriate  of  soda  or  ammonia. 
This  compound  acid  is  capable  of  taking  up  about  an  eighth 
its  weight  of  tin. 

Acetate  of  Ti^.-^Acetic  acid  (distilled  vinegar}  by  digestion 
with  tin  filings  takes  up  a  portion  of  the  metal,  and  acquires 
an  opalescent  or  milky  appearance.  The  solution  is  decom- 
posed by  tlie  action  of  the  air,  and  deposits  an  insoluble  oxide. 

Tin  dissolves  in  tartaric  acid ;  and  the  solution  is  applied  to 
the  useful  purpose  of  wet-tinning^  the  process  for  which  is  de- 
scribed in  Aikin's  Dictionary,  ii.  427. 

Snlphuret  of  Tin. — Tin  unites  with  sulphur,  but  requires, 
for  its  combination,  so  high  a  temperature^  that  at  the  moment 
of  union  there  is  too  small  a  quantity  of  sulphur  present,  to 
saturate  the  tin,  and  a  mechanical  mixture  results  of  tin  and 
sulphuret  of  tin.  The  only  method  of  obtaining  the  saturated 
sulphuret,  is  to  melt  the  aurum  mtisivum^  which  will  presently 
be  described,  in  close  vessels.  The  proto^stdphuret  is  of  a 
bluish  colour  and  lamellated  structure.  It  is  composed,  ac- 
cording to  Dr.  John  Davy  and  Berzelius,  of  59  tin  +  16  sul- 
pbur»  or 

X m  ....••..••.   I o.o   .«.. ....  luu. 

Sulphur 21.4    27.234 

100.  127.234 

The  second  snlphuret,  or  hi-stdphwret  of  tin  (aurum  fnusi' 
torn,)  is  formed  by  heating  sulphur  with  peroxide  of  tin,  or 
by  heating  in  a  mattrass  a  powdered  amalgam  of  12  parts  of 
tin  and  6  of  mercury,  mixed  with  7  parts  of  flowers  of  sulphur 
and  6  of  muriate  of  ammonia.    A  gentle  heat  is  to  be  applied 
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till  Ihe  white  fumes  cease  to  appear,  when  the  heat  is  to  be 
raised  to  redness,  and  kept  so  for  some  time.  On  cooling,  the 
aurumfnusivum  may  be  obtained  by  breaking  the  mattrass. 
It  is  of  a  beautiful  gold  colour,  and  flaky  in  its  structure. 
Proust  was  of  opinion  that  it  is  a  sulphureted  oxide ;  but  Dr. 
Davy  and  Berzelius  have  shown  that  tlie  tin  is  in  a  metallic 
state.  According  to  the  former,  it  consists  of  59  tin  +  32 
sulphur,  or, 

Tin 6i.5   100. 

Sulphur 35,5    5^.5 

100.  1.54.5 

Berzelius,  by  re-distilling  bi-sulphuret  of  tin  with  sulphur, 
obtained  a  compound  of  a  greyish  colour  and  metallic  lustre, 
which  he  found  to  be  composed  of  100  tin  and  40.851  sulphur, 
or  exactly  intermediate  between  the  two  which  have  been 
already  described.  It  is  probable,  however,  that  it  was  merely 
a  mixture  of  the  two  sulphurets,  and  not  a  distinct  compound. 

Tin  forms  useful  alloys  with  many  of  the  metals.  Pewler 
is  one  of  these ;  and  the  best  kind  of  it  is  entirely  free  from 
lead,  being  composed  chiefly  of  tin  with  small  pro()ortions  of 
antimony,  copper,  and  bismuth.*  An  amalgam,  formed  by 
gradually  adding  three  parts  of  mercury  to  twelve  of  tin  melted 
in  an  iron  ladle,  and  stirring  the  mixture,  is  much  used  in  the 
silvering  of  looking  glasses.  A  mixture  of  tin  and  lead,  in 
about  equal  parts,  composes  the  common  plumbers'  solder. 
Tin  enters,  also,  into  the  composition  of  bell-^meial and  bronze  ; 
and  one  of  the  most  useful  applications  of  it  is  to  the  tinning 
of  iron  plates,  which  is  effected  by  dipping  the  plates  into 
melted  tin.  The  process,  however,  requires  several  prelimi- 
nary steps,  which  are  described  in  Watson's  Chemical  Essays, 
vol.  ix.,  and  in  Mr.  Parkes's  Essay  in  the  Manchester  Society's 
Memoirs. 

*  On  the  alloys  of  tin,  a  memoir  of  M.  Dussautoy  may  be  coosuUed  in 
the  5th  Yd.  of  Ann.  de  Chim.  et  Phys. ;  and  Mr.  Cbaudet's  paper  In  th# 
same  and  in  the  7tb  rolames. 
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SECTION  XVIII. 
Cadmium, 

Cadmicjm  was  discovered,  in  the  autumn  of  181?,  by 
Stromeyer,  in  an  oxide  of  zinc,  which  bad  been  prepared  for 
medicinal  use  from  an  ore  of  zinc  brought  from  Silesia.  He 
ascertained  its  principal  properties  and  combinations;  and 
has  since  extracted  it  from  various  other  ores  of  zinc*  Dr. 
Clarke  has  shown  that  it  exists  in  the  ores  of  zinc  from  Der- 
byshire and  Mendip,  and  in  the  zinc  of  commerce;  f  and 
Mr.  Herapath  of  Bristol  has  pointed  out  an  abundant  source 
of  it  in  the  sublimate,  which,  in  the  process  for  obtaining 
zinc  by  distillation,  rises  before  the  zinc,  in  what  the  workmen 
call  the  brown  blaze.  Of  this  sublimate,  which  is  attached  to 
the  roof  of  the  vault,  it  forms  from  12  to  20  per  cent.^ 

The  presence  of  cadmium,  in  an  ore  of  zinc  suspected  to 
contain  it,  may  be  discriminated  by  directing  the  blue  flame 
of  a  candle  upon  a  small  fragment  placed  on  a  slip  of  pla- 
tinum foil.  If  any  cadmium  be  present,  its  oxide  will  be  re- 
duced, volatilized,  and  carried  along  the  slip  of  platinum, 
coating  it  with  its  peculiar  reddish-brown  oxide.  Dr.  Wol- 
laston,  to  detect  cadmium,  dissolves  the  ore  of  zinc  in  muri- 
atic acid,  geu  rid  by  heat  of  the  excess  of  acid,  and  adds 
distilled  water.  All  the  metals  that  iron  will  precipitate  he 
removes  by  a  rod  of  iron,  and  filters  the  liquor  into  a  pla- 
tinum capsule  containing  a  piece  of  zinc.  The  cadmium,  if 
any  be  present,  will  coat  over  the  surface  of  the  capsule  with 
a  precipitate  of  a  dull  leaden  hue,  and  will  adhere  so  6rmly 
that  it  may  be  washed,  and  thus  freed  from  any  remaining 
solution  of  zinc.  Muriatic  acid  will  dissolve  the  lead  coloured 
precipitate  with  effervescence,  and  either  carbonated  or  caustic 
potassa  will  yield  a  white  precipitate ;  which  may  be  tested 
before  the  blow-pipe  in  the  manner  already  described. 

To  separate  cadmium  from  the  ores  of  zinc,  Stromeyer 
dissolves  the  ore  in  sulphuric  acid ;  and  through  the  solution, 
which  ought  to  contain  an  excess  of  acid,  sends  a  current  of 

*  Amu  of  Phil.  sir.  £69.    f  Il>>d-  ^v.  272,  and  N.  S.  iii.  ISS.    t  Ib><^-  ^^* 
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sulphureted  hydrogen  gas.  The  precipitate  is  well  washed, 
dissolved  in  concentrated  muriatic  acid,  and  the  excess  of  acid 
expelled  by  evaporation.  The  residue  is  dissolved  in  water, 
and  precipitated  by  carbonate  of  ammonia,  an  excess  of  which 
must  be  added,  to  re-dissolve  any  zinc  or  copper  that  may 
have  been  thrown  down  by  the  sulphureted  hydrogen  gas. 
Carbonate  of  cadmium  alone  remains,  which,  aflcr  being 
heated  to  drive  off  the  carbonic  acid,  is  reduced  by  mixing 
it  with  lamp  black,  and  exposing  it  to  a  moderate  red  heat  in 
a  glass  or  earthen  retort. 

Cadmium  resembles  tin  very  nearly  in  colour,  lustre,  and  in 
the  sound  it  emits  when  bent.  It  is  somewhat  harder  than 
tin,  and  surpasses  it  in  tenacity.  It  is  very  ductile,  and  may 
be  reduced. to  fine  wire,  or  thin  plate;  yet,  when  long  beaten, 
it  scales  off  in  different  places.  Its  specific  gravity  is  8.604 
before  hammering,  and  8.694  afterwards;  or,  according  to 
Mr.  Children,*  8.67  before  and  9.05  after  being  hammered. 
It  melts  at  a  heat  below  redness,  and  is  volatilized  by  a  heat 
not  much  greater  than  that  required  to  vaporize  mercury.  Its 
vapour  has  no  odour.  It  condenses  in  drops  as  readily  as 
mercury,  and  these,  on  congealing,  present  distinct  traces  of 
crystallization. 

Cadmium  is  as  little  altered  by  exposure  to  the  air  as  tin. 
AVhen  heated  in  the  open  air,  it  burns  as  readily  as  the  latter 
metal)  and  is  converted  into  a  brownish  yellow  oxide.  This 
oxide,  which  is  its  only  one,  consists  of  100  metal  +  14.352 
oxygen,t  which  gives  56  for  the  equivalent  number  of  the 
metal,  and  64  for  that  of  the  oxide.  This  oxide  is  soluble  in 
ammonia,  but  not  in  carbonate  of  ammonia,  or  in  potassa  or 
its  carbonate,  which  even  precipitate  it  fi-om  its  solution  in 
ammonia.  By  availing  himself  of  this  property,  Mr.  Chil- 
dren separated  it  from  oxide  of  zinc,  which  is  not  thrown 
down  by  the  fixed  alkali,  and  thus  verified  its  presence  in 
compounds  containing  much  zinc  and  little  cadmium. 

With  the  acids,  oxide  of  cadmium  unites  and  forms  salts, 
Ivhich  agree  in  the  following  characters.  Fixed  alkalis  throw 
down  a  white  hydrated  oxide,  as  does  ammonia,  with  this 

•  Qaarterij  Jonn$i,  vi.  9S6i  f  Stromeyer,  U.  S. 
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dtfierence,  that  the  latter,  added  in  excess,  re-dissolves  the 
precipitate.  Prussiate  of  potassa  causes  a  white  sediment,  as  doea 
oxalate  of  ammonia.  Sulphureted  hydrogen,  and  the  bydro- 
sulphurets,  throw  down  cadmium  of  a  yellow  or  orange  colour 
like  orpiment  No  change  is  produced  by  chromate  of  potassa* 
succinate  or  benzoate  of  ammonia,  infusion  of  galls,  or  sulr 
phate  of  soda« 

Chloride  of  cadmium  crystallisses  in  small  rectangular  prisms, 
perfectly  transparent,  which  effloresce  when  heated,  and  ai« 
very  soluble.  At  a  high  temperature  it  sublimes  in  small 
micaceous  plates:  100  parts  of  the  iiised  chloride  consist  of 
38.61  chlorine  +  61.80  metal.  This  gives  57  for  the  equi- 
valent of  cadmium,  differing  very  little  from  the  number  de- 
duced from  the  oxide. 

Iodide  of  cadmium  forms  large  and  beautiful  hexahedral 
tables,  of  a  metallic  or  pearly  lustre.  At  a  high  temperature 
the  iodine  escapes.  It  consists  of  100  metal  +  227,43 
iodine. 

Nitrate  of  cadmium  crystallizes  in  prisms  or  needles,  which 
are  deliquescent.  Its  constituents  are  100  acid  +  117.58 
pxide. 

The  sulphate  crystallizes  in  large  rectangular  prisms  resem- 
bling sulphate  of  zinc,  which  are  very  soluble  in  water.  They 
effloresce  in  the  air,  and  at  a  gentle  heat  lose  their  water  of 
crystallization,  amounting  to  34.26  on  100  of  the  dry  salt. 
The  neutral  sulphate  consists  of  100  acid  +  161.12  oxide. 

The  carbonate  is  pulverulent  and  insoluble  in  water,  and 
readily  decomposable  by  heat.  It  consists  of  100  acid  + 
292.88  oxide. 

The  phosphate  is  pulverulent  and  insoluble.  It  is  constituted 
of  100  acid  +  225.49  oxide. 

Cadmium  unites  with  sulphur,  as  with  oxygen,  in  only  one 
proportion,  which  is  that  of  100  metal  to  28.172  sulphur. 
Tlie  sulphuret  has  a  yellow  colour  with  a  shade  of  orange. 
Concentrated  muriatic  acid  acts  readily  upon  it,  and  evolves 
sulphureted  hydrogen  gas.  The  sulphuret  may  be  formed  by 
heating  sulphur  either  with  the  metal  or  the  oxide,  or  by 
precipitating  a  solution  of  cadmium  by  sulphureted  hy-  , 
drogen. 
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Phosphurei  of  cadmium  has  a  grey  colour  and  a  feeble  me- 
tallic lustre. 

Cadmium  unites  with  other  metals.  Its  alloy  with  copper 
is  white,  with  a  slight  tinge  of  yellow.  It  unites  also  with 
cobalt,  platinum,  and  mercury,  and  probably  with  otlicr 
metals. 

From  a  survey  of  its  salts,  it  appears  that  their  analysis 
does  not  lead  to  a  perfect  agreement  as  to  the  equivalent  of 
its  oxide,  and  consequently  of  that  of  the  metal.  None  of 
the  results,  however,  is  very  remote  from  aiibrding  64  for  the 
number  representing  the  oxide,  from  which  deducting  8,  we 
obtain  56  for  the  equivalent  of  cadmium. 


DIVISION  III. 

METALS  THAT  ABSORB  OXYGEN  AT  HIGH  TEMPERATURES,  BUT 
DO  NOT  DECOMPOSE  WATER  AT  ANY  TEMPERATURE. 

SECTION  XIX. 

Arsenic, 

I.  Arsenic,  as  it  is  found  under  that  name  in  the  shops, 
is  not  metal,  but  a  white  oxide,  from  which  the  metal  nlny 
be  obtained  by  the  following  process.  Mix  two  parts  of 
the  white  oxide  with  one  part  of  black  flux  (prepared  by  de- 
tonating, in  a  crucible,  one  part  of  nitre  with  two  of  crystals 
of  tartar) ;  and  put  the  mixture  into  a  crucible.  Invert  over 
this  another  crucible;  lute  the  two  together,  by  a  mixture  of 
clay  and  sand ;  and  apply  a  red-heat  to  the  lower  one  ;  keep- 
ing the  upper  one  as  cool  as  possible^  or  the  mixture  may  be 
introduced  into  a  clean  and  dry  Florence  flask,  which  may 
then  be  set  in  a  sand  bath,  and  gradually  raised  to  a  red  heat. 
The  arsenic  will  be  reduced ;  and  will  be  found  lining  the 
inside  of  the  upper  crucible,  or  the  upper  part  of  the  flask, 
in  a  state  of  metallic  brilliancy,  not  unlike  polished  steel.  Its 
specific  gravity  is  8.31.  It  is  so  extremely  brittle  that  it  may 
be  reduced  to  powder  in  a  mortar. 

II.  Metallic  arsenic  is  readily  fusible,  and  is  volatilized  at 


Digitized  by  VjOOQ IC 


8XCT.  XIX.  ARSBNIC*  47 

$56^.  In  close  veAsels  it  may  be  collected  unchanged ;  but 
when  thrown  on  a  red-hot  iron,  it  bums  with  a  blue  flame 
and  a  white  smoke ;  and  a  strong  smell  of  garlic  it  perceived, 
which  belongs  to  the  metal  only,  and  does  not  accompany  the 

volatilization  of  its  oxides. 

Arsenic  and  Oxygen^ 

Arsenic,  by  exposure  to  the  air,  is  tarnished,  and  becomes 
converted  into  a  bulky  blackish  powder.  In  three  months, 
Berzelius  found  that  100  parts  acquired  an  increase  of  8.475 ; 
and  he  is  disposed  to  consider  the  product  as  an  oxidule,  or 
sub-oxide ;  but  it  is  probably  nothing  more  than  a  mixture 
of  arsenic  and  arsenious  acid,  into  both  which,  indeed,  it  is 
resolvable  by  heat.  Only  two  combinations  of  arsenic  and 
oxygen  have  hitherto  been  clearly  ascertained ;  and  both  are 
possessed  of  acid  properties. 

III.  The  white  oxide  of  arsenic  has  the  following  properties: 

1.  It  is  white,  semi-transparent,  and  brittle.  Its  specific 
gravity  is  3.7  At  a  temperature  of  380°  Fahr.  it  is  volatilized ; 
or,  if  suddenly  heated,  it  runs  into  a  glass.  It  has  an  acrid, 
nauseous  taste,  and  is  highly  poisonous,  not  only  when  taken 
into  the  stomach,  but  when  applied  to  a  wound,  or  when  its 
vapour  is  inspired. 

2.  It  is  sparingly  soluble  in  water.  According  to  La 
Grange,  it  is  soluble  in  one  twenty-fourth  of  cold  water,  or 
one  fifteenth  of  hot.  Other  statements  have  been  given  con- 
siderably differing  from  these ;  and  Klaproth  was,  therefore, 
induced  to  examine  its  degree  of  solubility  with  great  atten*^ 
tion.  A  thousand  grains  of  cold  water,  left  in  contact  with 
the  white  oxide  during  24  hours,  and  frequently  agitated, 
dissolved  only  2^  grains.  But  1000  grains  of  boiling  water 
took  up  77^  grains;  and,  after  being  left  three  days  to  cool, 
and  to  deposit  the  crystals  which  separated,  still  retained 
in  solution  30  grains.  Bucholz  has  since  published  results, 
which  agree,  very  nearly,  with  those  of  Klaproth.  But  the 
most  elaborate  experiments  are  those  of  Fischer  of  Breslau. 
According  to  these,  white  oxide  of  arsenic  is  insoluble  as  such 
in  water,  and,  when  acted  upon  by  water,  one  portion  of  the 
oxide  acquires  oxygen  from  another,  and,  becoming  acidified, 
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is  rendered  soluble.  This  is  the  reason  why  the  undissolved 
portion  loses  its  colour,  and  becomes  of  a  dirty  yellow.  Of 
boiling  water,  12.8  parts  dissolve  one  of  arsenic ;  but  at  the 
common  t^nperature  of  the  atmosphere,  66-^  parts  of  water 
take  up  only  one  part.* 

5.  The  solution  of  thearsenious  acid,  or  white  arsenic,  has 
an  acrid  taste,  and  reddens  vegetable  blue  colours.  When 
slowly  evaporated,  the  oxide  crystallizes  in  regular  tetrahe- 
drons. The  oxide  is,  also,  soluble  in  70  or  80  times  its  weight 
of  alcohol,  and  in  oils. 

6.  The  composition  of  the  white  oxide  of  arsenic,  or  or- 
$0Miou9  acidf  has  been  investigate  by  several  chemists,  with 
the  following  results.  It  consists. 

Arsenic.    Oxygen.        Arsenic.    Oxjgen. 
According  to  Proust,  of  . .  75.2   . .  24.8   ....  100 . .  32.979 

■  —  Thenard,  of  . .  ■  .  •  •  •  100 . .  34.694 

Berzelius,t  of  75.81 . .  24.19 ....  100 . .  31.907 

■  Thomson,  Jof . . ....  100 . .  3 1 .57 

It  seems  probable,  however,  that  the  oxygen  in  oxide  of 
arsenic  is  not  the  smallest  proportion  with  which  the  metal  is 
capable  of  uniting. 

7.  Oxide  of  arsenic  combines  with  pure  alkalis  to  satura- 
tion, and  fulfils,  therefore,  one  of  the  principal  functions  of  an 
acid.  Hence  it  ha^  been  called  arsenious  acid,  and  its  com- 
pounds arsenites.  These  compounds  may  be  formed  by  sim« 
ply  boiling  the  arsenious  acid  with  the  respective  bases  and  a 
sufficient  quantity  of  water.  They  have  not  been  much  ex- 
amined. Those  of  potassa,  soda,  and  ammonia,  are  soluble  and 
incapable  of  crystallizing;  those  of  lime,  baryta,  strontia, 
and  magnesia,  are  difficultly  soluble.  The  metiillic  arsenites 
are  best  formed  by  mixing  solutions  of  the  alkaline  arsenites 
with  the  metallic  salts.  Arsenite  of  ammonia,  for  instance^ 
and  nitrate  of  silver,  afford  a  yellow  precipitate  of  arsenite  of 
silver^  which  is  soluble  in  excess  of  ammonia ;  arsenite  of  po- 
assa  and  sulphate  of  copper,  an  apple  green  precipitate,  called 
Scheele's  greeUf  which,  when  dried  and  levigated,  forms  a  beau- 

*  Thomson's  Annals,  vii.  33.  f  Ann.  of  Phil.  xt.  356. 

t  Ann.  of  Phil.  XT.  81. 
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tiflil  pigment.  From  salls^ of  man|rane9e,  zinc,  ar  tin,  the  stime 
arsenite  f>yodaee8  a  wtike  preei^ale^  emA^a  dingy  green  oife 
from  salts  of  iron^  Araenitc  of  Iead»  produced  by  mixing 
arsenite  of  ammonia  and  nitrate  of  lead,  is  composed,  ac- 
cording to  Berzelius,  of  100  arsenious  acid  +  111.17  prot- 
oxide of  lead. 

By  repeated  distillation  with  nitric  acid  only,  arsenious  acid  is 
changed  into  arsenic  acid.  The  process,  however,  recommended 
by  Bucltolz  is  to  mix  two  pavt»  by  weight  of  muriatic  acid  of 
the  specBic  gravity  1.200  (?)  twcnty-&ur  parts  of  nitric  acid  of 
the  specific  gravity  1.25,  and  eight  parts  oF  white  oxide  of  ar- 
iftiHc.  The  wbol^  may  be  evaporated  ,ta  dryness,  and  gently 
igf)jt^  ia:a  oru^iUl^ 

IV.  )«  Xh«  ar^nicacid  \\as  a  soar,  and  at  the  ,<iame  tiiuc  a 
melaliic.  Caste*.  It  fedden^  vegetable  blues;  attract^  humi- 
4i^  fpo^a  the  atmospbetf? ;  aoii  c^ervcsces  stroi>gly  with  so- 
hltien^of  aikaliue  curbonatas^ .  When  evaporated,  it;  assumes 
the  conisiatefioe  of  jisllyi  and  dc^a  not  crystalli^.  It  is  a. most 
atttSva  pais«A. 

.  %  The  «o«)po»itMi  of  aieienia  acid  ]ias>  been  diiibreiitly 
$U>t!edf.a«  will  at^poai^  fco>»^.U>efollowiug/rable.    It. consists, 

Arsenic. 

*Accordhig  to  Prcii^t,  of  ..  65.4 

Thenard,  of    64-     .. 

";  "■ -— Ber»Htis,   of  e5.*28S 

-*-^^- — - — ' — •  Thomson,  Vrf  ■-  "«' 

Frorp  hi*  earlier  cx,jf)erimeBtsion  arsenic.  Dr.  Thomson  had 
deduced  the  weight  pf  the  atom  of  that  nietial  to  be  ^.T^O, 
Qiq^rgen  bpii^g.  I^corr^pondiug  widi  36,  wlieii  hydrogen  is  taken 
as  unity;  and  had  concludefl^.tli^t,.  in  arsenious  acid,  each  atp<n 
of  arsenic  is  united  with  l-i  of  oxygen,  in  arsenic  acid  with  2\- 
atoms  of  oxygtn.  ^This,-  ho%vevci",  presents  tWe  anomaly  of  an 
atom  of  one  bocly,  combinnTg  with  one  or 'I'wc^  atoms,  and  the 
fraction  of  an  htoai,  of  tMiother  boily.  Tl'o  remove  this  diffi- 
culty, he  has  since ^  ||roposed  to  double  the  weight  of  the  atom 
of  arsenic,  and  to  consider  arsenious  acid  as  constituted  oi*  1 

Hift'>  ;.  f.  ■//  ^AiXtl\\,  <<■!..  ,.  ..!'■  .; li'i.i  : u  .    .>   ,.■>.' •  - 

VOL.  II.  E 
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atom  of  base  -f  8  of  oxygen,  and  arsenic  acid  of  1  of  base  4- 
5  of  oxygen,  which  gives  their  composition  as  follows: 

Arsenious  acid  =  1  atom  of  arsenic 76 

3  atoms  of  oxygen    ....  24 

Weight  of  its  atom 100 

Arsenic  acid  s=  1  atom  of  arsenic «  76 

5  atoms  of  oxygen    •..•..  40 

Weight  of  its  atom 116 

Berzellus,  also,  has  been  led,  by  his  inrestigation  of  these 
acids,  to  conclude  that  the  ratio  of  the  oxygen  in  arsenic  acid 
is  to  that  in  arsenious  acid  as  5  to  S,  a  deviation  from  the  ge- 
neral law  of  acid  compounds,  limited  to  those  widi  base  of  ar- 
senic and  pho!S))horus.  Between  these  acids,  indeed,  there 
seems  to  be,  in  several  respectsj  a  considerable  analogy,  espe- 
cially in  their  salts,  which,  though  carefully  neutralisBed  when 
in  solution,  yet,  when  concentrated  by  evaporation,  ciystalllae 
with  an  excess  of  alkali.  Arsenic  and  phoq^horua  agreei  also^ 
in  giving,  with  hydn^ven,  compounds  that  are  not  acidf  and, 
in  many  other  respects,  present  striking  resemblances. 

S.  Arsenic  acid  unites  with  bases,  and  constitutes  a  class  of 
salts  called  arsenatesj  or  arseniates. 

Arseniaie  ofpoiassa  was  formed  by  Macquer^  by  distilling^  in 
a  retort,  equal  weights  of  nitre  and  arsenious  acid.  It  crys- 
tallizes in  four-sided  rectangular  prisms,  terminated  by  very 
short  four-sided  pyramids.  It  is  permanent  in  the  air,  and 
has  a  saline  and  cooling  taste.  It  is  soluble  in  about  five  times 
its  weight  of  cold  water,  but  is  insoluble  in  alcohol.  Dr. 
Thomson's  analysis  makes  it  to  consist  of 

Arsenic  acid 65.426 

Potassa 27.074 

Water    7.500 

100. 

Arseniale  of  soda  forms  h^ge  rhomboidal  prisms,  which  eflio- 
resce  by  exposure  to  a  dry  aCiiiosphere.    It  has  a  coolbg  taste^ 
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«0teii\bUiig .  fcbat  of  carbonaie  of  soda,  Imt  leiis  strong.  It  re* 
quires  more  than  ten  times  its  weight  of  cold  water  for  solution^ 
ittpd  the  liquid  has  alkaline  properties.  It  undergoes  the  watery 
iiision.  Its  solution,  when  dropped  into  most  eartliy  and  me- 
•tallic  salts,  occasions  precipitates,  tlie  peculiar  appearances  of 
which  are  exhibited  by  Dr.  Thomson  in  a  table  published  in 
ihe  Annals  of  Philosophy,  xv.  83. 

Arseniale  i>f  baryta  was  prepared  by  Berzelius,  by  mixing 
oitrate  of  baryta  with  neut^l  arseniate  of  soda.    It  consists  ot* 

Arsenic  acid 42.94 100 

Baryta 56.06 132.88 

100. 

Sulh^rsenhie  of  lead,  made  by  double  decomposition,  was 
found  to  contain 

Arsenic  acid  . .  ^ 25.25  ..••••  100 

Protoxide  of  lead  ....  74.75 2d6.04 

100. 
And  arseniate  of  lead^  to  consist  of 

Arsenic  acid 34.14 100 

Protoxide  of  lead  ....  65.86 192.91 

Hence,  in  the  sub-salt,  arsenic  acid  is  united  with  one  and 
A  half  times  as  much  base  as  in  the  neutral  arseniate  of  lead* 

V.  Arsenic  and  Chlorine. — The  compound  of  arsenic  with 
chlorine  was  examined  by  Dr.  Davy,  (Phil.  Trans.  1812.  p. 
188.)  He  determined  its  composition  by  synthesis,  and  states 
it  to  consist  of 

Chlorine 60.48 100 

Arsenic    ••««...•••  39.5^  •..«..    o5.3 


100. 

This  analysis,  however,  does  not  lead  to  an  atomic  Weight 
for  arsenic  at  all  coinciding  widi  that  deduced  from  the  ox* 
Ides.  From  the  name  which  Dr.  Davy  gives  to  this  com- 
pound, it  is  evident  that  he  considers  it  as  the  protochloride  ; 
Imt  in  that  cise  the  atom  of  arsenic  would  weigh  only  234* ; 

e2 
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far  100  i«S  M  d6  :  <SS*4,    There  k,  piobabljr,  tterviM^  ^ 
.flnr«r  in  the  esUn^  oFks^coinipOBitioii. 

CMa»Yf/tf  ofarstmc  has  aot  been  eocamimd,  bttt  pblomte^ 
-potaMaajnil  uwtftUic  arsenic  affbud  a  deCanfltiog«iixtiire,  whiok 
.tjikf9i.fir8  wiiii  anioiflig  rapidity^  The  soJt  and  mctol,  first  «cfMi^ 
ntely  po»ride«ed»  nagr  be  mfaced  by  ihe  gcadeftt  possible  tii- 
ture,  or  rather  by  stirring  them  togedier  on  paper  vnih 
fli  knife  poiptt  if  ivo  long  tr^kia  be  laid  <on  a  table,  the  one 
mT  giiflKpow4lcr^  and  ihe  other  of  this  aAixtifre^  and  they  be 
placed  in  contact  with  eaicj^i  otiier  at  one  end,  so  th^it  they  may 
be  fired  ut  once,  the  arsenical  mixture  detonates  w^^  the  ra- 
pidity of  lightning,  while  the  other  burns  with  comparatively 
exlremc  slowness. 

VI.  Iodine  and  arsenic  unite  and  form  a  deep  red  compound, 
%vh!ch  decortiposes  water  and  aflUrds  arsenic  and  hydriodic 
4icids. 

VII.  Ars%3kik; Oiul Hyidrogefh-^Wiien  tinis dhdolyed  in  liquid 
arsenic  aekt^  an  inflammAble  gas  h  Asengaged,  as  was  ob- 
served by  Scheele,  consisting  of  hydrogen  gas, .  holding  ar- 
senic in  solution.  It  may  be  obtained,  also,  by  adding  pow- 
dered metallic  arsenic  to  a  mixture  of  diluted  sulphuric  acid 
and  zinc  filjuigs,  or  by  aqtu^  on  water  yrkh  a.tj»pie  alloy  of 
ai*scnic,  ))ot<iie6Jum,.  and  anciaoioi^y.  !Cys;alkiy  mtny  tie  formed 
by  heating  strongly,  for  two  hours,  in  a  close  crucible,,  two 
j^rUj  of  atUimony,  two  of  cream  of  tartar,  and  one  ofwfiite 
arecTHc.  Wlien  two  or  three  drachms  of  this  alloy  are  thrown 
cjuickly  under  a"  jtir  Inverted  fn  water,  abundance  oFarseuu- 
rcted  hj'drogeti  is  dfsengiiged.  (Quarterly  Journal,  xiii.  225.) 
Tlic  grenlest  cairtion'should  tie  used  to  avoid  its  deleterious 
effects,  which  were  fatal  to  the  late  M.  Gehlen.* 

This  gas  (to  wkich,  pflriiaps,  tlie  uaoM  .of  ttrsnnirtled 
hydrogen  ist^st adaptcil)  ki&lhe  following pnipartil^s: 

{a)  It  is  a  permancntlj  -elastic  and  invisible  fluid,  of  the 
specific  gravity,  compared  Avlth  common  air,  of  0.5298;  but 
i^^  ^cplfiftfiK?Jvit;j'  i^  \lo^i/il)lcp,  iy.  g^iseguwi;?  Q^lte-^rfiwixinre 
«J;'dittbQPt.|jr4^or.MP«sofhj'^^MJS^  . 
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(c>  It  exUngutahes  burai^g.  bodies. 

(</)  It  is  not  abiorbed  by  water  in  any  notable  degree;,  and 
has  no  efiect  on  the  blue  colours  of  v^etables. 

(e)  It  burns  with  a  lambent  white  flame,  and  a  disagreeabte 
odour;  and  emits,  during  combustfon,  fumes  of  arseilious  acid, 
^ap  bubbles,  blown  with  a  mixture  of  this  and  oxygen  gases; 
burn  with  a  blue  flame,  a  white  smoke,  and  a  strong  alliaceous 
smell. 

(/)  When  mingled  with  chlorine,  bent  is  produced,  a  di- 
minution ensues,  and  metallic  arsenic  is  tfeposited. 

{g)  A  stream  of  arsenureted  hydrogeii  gas,  issiirng  from  a 
bTadder  fitted  with  a  stop-cock,  and  set  on  ftre  in  a  large  re^ 
ceiver  fllled  with  oxygen,  bums  with  a  bliie  flame  of  uncomr^ 
mon  splendour. 

(A)  One  cubic  inch  of  the  gas  contaftis  about  one  fourth  o^ 
a  grain  of  metallic  arsenic. 

(i)  When  100  measures,  in  an  experitnent  of  Gay  Lussac, 
were  acted  upon  by  heated  tin,  140  measures  of  hydrogen  were 
evolved.  Hence  three  volumes  of  hydrogen  are,  probably, 
in  this  gas,  condensed  into  the  space  of  two. 

A  solid  compound  of  hydrogen  and  arsenic  may  be  formed, 
by  acting  on  water  with  an  alloy  of  potassium  and  arsenic  ; 
mid,  of  bourse,  much  less  hydrogen  gas  is  evolved,  than  the 
same  weight  of  uncombined  potassium  would  liberate  front 
^ter.  Ic  is  described,  by  Gay  Lussac,  as  separating  in  ches- 
nut-brown  coloured  flocks.  There  appears,  indeed,  to  be  a 
strong  affinity  between  hydrogen  and  arsenic;  for  Berzeliua 
fimnd  that  the  recently  prepared'  metal,  when  distilled  aion^ 
with  oxide  of  tin,  grtve  a  drop  at  two  of  water;  Itmust,  there- 
fore, have  yielded  hydrogen  to  the  oxygen  of  the  oxide.* 

VIII.  Sulphur  and  Arsenic. — The  sulphtvrets  ofof^cfih  httV<? 
been  examined  by  Klaprotl^  Laugier,*  and  Berzelius.f 
There  are  two  sulphurets  of  this  metal,  both  of  which  are 
found  native,  a  red  compound,.  eaUed  Real  gar j  and  a  bright 
yellow  one,  named  Orpimeni,  They  may  also  be  formed  ar- 
tificially, the  red  by  heating  ^hite  arsenic  with  sulphur;  the 
yellow  by  dissolving  white  arsenic  in  muriatic  acid,  and  pre* 
hf>^ hyilmi miaiurefe  of :  anwnntwa;.     Lm^fbtf  aAd 
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In  realgar    ....  100  arsenic  united  to  43.67  sulphur* 
In  orpiincnt ....  100  ditto 65.98  ditto. 

It  appears,  therefore,  that  orpiment  and  realgar  are  both  sul- 
phurets  of  arsenic,  containing  sulphur  in  the  proportions  oC ' 
1  to  I J-,  or  of  2  to  S.     In  orpiment,  it  may  be  observed,  the. 
sulphur  is  nearly  double  the  oxygen  in  the  arsenious  acid.. 
To  agree  with  atomic  proportions  it  ought  to  be  exactly  so. 

Orpiment  is  employed  in  calico-printing  to  de-oxygenate 
indigo,  which  thus  becomes  capable  of  attaching  itself  to  the 
clotl).  M.  Braconnot  recommends  realgar  for  dyeing  wool, 
silk,  or  cotton,  of  a  fine  yellow  colour.  Having  mixed  1  part, 
of  sulphur,  2  parts  of  wliite  arsenic^  and  5  of  potash  of  com- 
merce, melt  them  in  a  crucible  at  a  heat  near  that  of  redness*. 
The  yellow  mass  thus  obtained  is  to  be  dissolved  in  hot  water, 
and  filtered.  It  is  then  to  be  diluted,  and  sulphuric  acid  poured 
into  it,  of  such  strength  as  to  produce  a  fleecy  precipitate  of  a 
superb  yellow  colour.  This  dissolves  with  facility  in  ammonia^ 
and  gives  a  yellowish  liquor,  into  which  is  to  be  poured  an  excess 
of  ammonia  for  the  purpose  of  discolouring  it  entirely.  Goods 
plunged  into  this  solution  come  out  colourless,  but  they  as- 
sume a  fine  yellow  as  the  ammonia  evaporates.  The  colour  is* 
durable,  and  resists  acids  but  not  alkalis.  (Ann.  de  Chim.  et 
Phys.  xii.  98.) 

I^.  Arsenic  combines  with  most  of  the  metals,  which  it 
generally  renders  brittle.  With  iron,  zinc,  and  tin,  it  affords, 
white  brittle  compounds.  It  unites  with  copper  into  a  white 
alloy^  as  may  be  shown  by  confining  a  few  grains  of  metallic 
arsenic,  or  of  white  arsenic  mixed  with  black  flux,  between 
two  copper  plates,  and  heating  them.  The  copper  will  acquire 
a  white  stain. 


SECTION  XX. 

Molybdefmin. 

h  The  mdst  common  ore  of  mcdlybdeBtim  waa  longmis^ 
taken  for  plumbago,  or  carburet  of  iron,  to  which  ii  bBfMV 
exteroayy,  i^.Mrong  reaemblance.    It !%  in  ^ct^  ^,  coqibinaf 
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tion  of  sulphur  and  the  oxule  of  molybdenum.  These  two 
com|X)nents  may  be  separated  by  repeated  distil hition  with 
nitric  acid.  To  the  ore  of  molybdenum,  in  a  retort,  six 
times  it  weight  of  nitric  acid  are  to  be  added,  and  the  mix- 
ture distilled  to  dn*ness.  This  process  must  be  repeated  four 
or  fire  times;  and,  at  its  close,  both  the  sulphur  and  molyb* 
demim  will  be  acidified.  The  sulphuric  acid  is  expelled  by 
heating  the  mass  in  a  erucible:  and  any  remaining  portions 
are  to  be  washed  off  with  G^stUted  water.  Tlie  residue  (iwo- 
hfbdic  acid)  is  n  ^'Inte 'heavy  powder ;  which  has  an  acid  and 
metidlic  taste;  has  tho  specific  gravity  3.4  r  i^  soluble  in 
about  1000  parts  of  water ;  and  forms  salts  with  the  alkalis 
and  earths.  The  acid  is  reduced  by  making  it  into  a  pasto 
with  oil,  and  exposing  it,  bedded  in  charcoal  in  a  crucible, 
to  an  intense  heat.  Or  (as  Hielm  recommends),  the  ore  of 
molybdenum  may  be  repeatedly  roasted  in  a  moderate  red- 
heat,  till  the  whole  is  reduced  to  a  fine  powder,  which  may 
be  passed  through  a  sieve.  The  powder  is  to  be  dissolved  in 
ammonia,  the  solution  filtered,  and  evaporated  to  dryness. 
The  residuum,  being  moderately  heated  with  a  little  nitric 
acid,  gives  a  white  powder,  which  is  the  pure  oxide  of  mo- 
lybdenum. This  may  be  metallized  by  exposure  to  an  intense 
heat  with  oil  or  powdered  charcoal. 

II.  Molybdenmn  has  a  whitish  yellow  colour,  but  its  frac 
tnre  is  a  whitish  grey.     It  has  not,  hitherto,  been  obtained 
in  any  form,  but  that  of  small  brittle  grains.     It  is  almost 
infasible  by  any  artificial  heat.     Its  specific  gravity  is  8.61 1 ; 
acoording  to  Hielm  it  is  7.4. 

It  is  readily  oxydisied  when  heated  in  contact  with  air, 
and  is  converted  into  a  white  oxide,  whicii  is  volatilized  in 
gmiill  briltiant  needle-shaped  crystals.  This  compound  ha*^ 
acid  i>ropertiei. 

III.  The  nitric  and  nitro^muriatic  acids,  and  chlorine,  are 
the  only  solvents  that  act  on  molybdenntn. 

IV.  The  muriatic,  and  other  acids,  act  on  its  oxides.  Mid 
sibrd^bhie  solations;  i 

Th^re  appear  to  be  only  two  well  ascertaioecl  oompounds 
of  iHo^^iMieiHim  and  oxyg^.  The  first  is  the  molybdic  acid 
alMedj^deMiibed.    It  iacompoBtd, according  to  Bqchcfa,  of 
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MQlybileiiutn  ••••  66*1   100 

Oxygen  ...,..«...  3S*»    50 

100. 

Ifencelitis  stiitos  tlie  nietnl  at  65.5,  and  the  oxygen  at  3i»6 
in  )00  grains  of  molybdic  dcicI,  or  100  metal  +  5^*7  oxjffm. 

M'hei)  ono  part  of  poM'dored  niolybdenufla,  and  two  parte 
of  molybdic  acid,  are  tritumted  in  boiling  water;  then  -B^ 
tered;  oud  the  solution  evaporated  at  a  teoipenHure  not  ex^ 
ceeding  120^  Fjdii^enheit,  we  obtain  a  fine  Uue  powder,  which 
is  molybdotts  acid,  l'i»ie  acid  is  more  soluble  in  water  Uiaa 
the  molybdic,  and  its  solution  i*eddens  vegetable  bhie  oolouva* 
It  is  stated  by  Bucbols  to  consist  of 

Molybdcniuu  • . .  •  74.5    100 

Oxygen  • . .  «^ 25.5   *.•...     34 

100. 

It  seems  not  improbable  that  thei'e  is  an  oxide,  cooMunii^ 
a  smaller  proportion  of  oxygen  than  the  molybdous  acid; 
atul  that  this  acid  is  constituted  of  two  atoms  of  oxygen  to 
one  of  metal.  On  titis  su|^)osil,iion  the  atom  of  molybdenum 
must  weigh  about  47;  and;  in  molybdous  aeid,  tbe  metal 
muat  be  combined  wiiJi  two  atoms  of  oxy§en»  weighing  16 ; 
and  in  molybdic  acid  with  tliree  idoms,  weighing  24.  The 
oxkW)  conaifiting  of  one  otom  of  metal  aod  one  atom  ^f  oyy-^ 
gen,  remains  to  be  investigated.  According  tu  Dr.  TbooK 
son,  ic  may  be  obtained  by  dissolving  molybdic  ftcid  in»ain>- 
nuHiio,  evaporating  to  dryness,  ;and  exposb^  the  dry  muss, 
covered  with  charcoal  powder,  tO:  a  white  he«U.  in  ^covered 
cuucibie*  Tbeoaiike  will  be  fou»d  at  tbe  bottom  of  a  txy»r 
tallized  shape,  and  of  a  copper  brown  colour.  It  is  iMS«|p4bl0 
ofjformiog  salts  with  aotcli,  (Syt^teai  of  GhemislFry,  L  ^4v) 

The  molybdous  ami  inolybdic  aciik  iHnite  <wUb^9li6aUe 
basesy  ^nd  .fonn.  diatinci  classes,  of  Aalts.  Xhie  Jotti^  acM  is 
changed  into  the  former,  by  some  of  thoso-flaetalsih^l  pM^^lK. 
fidly  altMot  mj^eni.  Tbw  a>  Ji^liHSiw  «f  «iO||ybd)q  #(sid,;.  in 
whkb  o  >««ill  mmI  4>f  ititt  otf  #1nc.i«i.  linme«mlf  bw9Mw  MnHb 
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ou  the  s^mQ  .prUiei(4(>  I'ocent  muriate  of  tin  tl«M>vs  dawiHs 
from  molytKlnte  of  {>eit»6sa^  a  fine  blue  j>Fe<ipitate.  The  mel^I^ 
die  acid  decomposes  the  niu:atcs  of  silver^  mexcury,  and  lend; 
and  the  nitrate  and  muriate  of  baryta. 

Native  molifMala  of  lead  from  Carintbia,  analyzed  by  Mr. 
Hatcbett  (Phil.  Trans.  I7i)0)j  coniaina  39.5  niolybdie.a^id  + 
60.5  protoxide  of  lead»  which  are  nearly  in  the  prcpportioDft  4^f 
7i  to  11^9  Ll>e  equivaientsof  those  two  eompouods,  thereby 
confirniin^  tbe.view  that  has  been  taken  of  niolybdic  acid. 

V.  Molybdemun  unites  readily  with  sulphur,  and  con^sKwea 
a  substance  similar  to  the  one  from  wliich  the  metal  waa 
originally  obtained.  Que  hundred  parts  of  tiie  jnetal  combina 
with  67  -of  sulphur. 


ECTION  XXI. 
Chronimm, 

This  metal  whs  discovered  by  Vauquelin  in  17^7.  It  is 
found  in  an  acidified  sdvte,  and  combtned  witli  oxide  of  lead, 
in  the  red*lcad  ore  of  Siberia ;  in  the  state  of  an  oxide^  in  the 
green  ore  aocompanying  the  red  one;  in  the  emegridd,  to 
which  it  communioates  its  green  colour;  and  iii  some  meteoric 
stones.  A  compound  of  diromic  oxide  with  oxide  of  iron 
has,  also,  been  discovered  in  France,  in  America,*  and  in 
Siietlflnd^t  and  is  a  much  mere  abundant  produet  than  the 
lead  ore  ^f  Siberia,  bein|p  femid  in  krgo  masaesi 

1.  Ta  aeparate  the  chromicacid  from  th«  ote^  red-»)eod  ore, 
reduced  to  powder^  is  boiled  with  ^ribe  its  weight  of  cwrbonaie 
of  potawa.  )Ali  ovaaiga^eHow-  «b1utioi^  bomposcd  of  fMrtassii 
and'ohdonricaeidl^  id  tboa  obtainod;  und  whm,  to  tftit^  a  ini->^ 
nerai  acid  m  aiUtd^  and  the  fiqudria  evaporated,  we  6bttfm». 
1.  the  sakfarjoed^by  the  aoidy  whpdt'fcaa bete  uddtbd- with  dw^ 

•     •  .  {  ;  t 

does  not  appear  certain  whether  ia^aoealM  dnpnata of  annvtbaMlat 
i&AsUi&adfcacjaarflis  iKiwiatniti 
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potass  a;  2.  the  acid  chronium,  in  long  ruby-coloured  prisms. 
From  this  acid  the  chromium  may  be  obtained  by  heating  it 
with  chaixoal,  in  the  manner  already  often  described.  In  the 
crucible  a  metallic  mass  is  found,  of  a  greyish  white  colour, 
formed  of  a  number  of  neo<lIcs  crossing  each  other. 

Chromatc  of  iron,  however,  from  the  greater  plenty  in 
which  it  is  found,  is  a  much  cheaper  source  of  chromic  acid. 
After  reducing  it  to  fine  powder,  it  is  to  be  mixed  with  half 
its  weight  of  nitrate  of  potassa,  and  heated  strongly  for  an  hour 
or  two  in  a  crucible.  The  mass  is  to  be  repeatedly  digested 
with  water,  and  the  colonretl  liquids,  which  ai-e  slightly  alka- 
line, saturated  with  nitric  acid,  and  concentratetl  by  evapora- 
tion, till  no  more  crystals  of  nitre  can  be  obtained  from  them. 
The  yellow  liquid,  being  now  set  aside  for  a  week  or  two,  de- 
posits a  copious  crop  of  yellow  crystals  in  small  needles.  These 
are  to  be  separated,  dissolved  in  water,  and  crystallized  over 
again.  They  are  then  sufficiently  pure  chromate  of  potassa. 
From  the  solution  of  these  crystals,  or  indeed  from  the  yellow 
liquid,  nitrate  of  mercury  throws  down  a  red  powder,  which 
b  chromate  of  mercury.  When  sufficiently  heated,  this  com- 
pound is  decomposed,  and  yields  chromic  acid  or  chi*oinic 
oxide,  from  either  of  which  metallic  chromium  may  be  ob* 
tained,  by  heating  it  violently  with  chaixoal  in  a  crucible. 

II.  Chromium  is  of  a  greyish  white  colour,  resembling  that 
of  iron.  It  is  brittle  and  difficult  of  fusion.  Its  specific  gra« 
vity  is  5.9. 

When  exposed  to  the  combined  action  of  heat  and  air,  it  is 
changed  into  a.  green  protoxide*  easily  soluble  in  acids. 

On  the  metal  itself,  the  nitric  is  the  only  acid  which  pro- 
duces any  remarkable  effect,  for,  by  repeated  distillation  with 
itf  chromium  is  acidified*  The  diromic  acid  may  be  more 
abundantly  obtained,  by  mixing  nitrate  of  baryta  with  chro- 
mate of  potassa.  Chromate  of  baryta  is  formed,  and  nay  be 
decomposed  by  adding  its  eqaivaient  of  sulphuric  acid. 

III.  Chromic  acid  is  of  a  red  colour,  and  may  be  obtained 
from  its  aqueous  solution  in  ruby-coloured  crystals.  It  has 
a  sour  metallic  taste*  Wheu  ignited  it  parts  with  oxygen, 
and  becomes  the  greco  protoxide. 

Chromate  of  potassa  crystallizes  in  fboNsidcd  slender  prisma 
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terminated  by  dihedral  summits.  Their  colour  is  an  intense 
lemon  yeHow,  with  a  sli|;ht  shade  of  orange.  The  eoloaring 
power  of  this  salt  is  so  great,  that  1  grain  in  40.000  grains  of 
water  forms  a  solution  which  is  perceptibly  yellow.  Its  taste 
is  cooling,  bitter,  and  very  disagreeable,  i*emaining  long  in 
the  month.  One  hundred  parts  of  water  at  60^  dissolve 
about  4S  parts,  but  bolKng  water  dissolves  almost  any  quan^ 
tity.  It  is  insoluble  in  alcohol.  Its  solution  in  water  decom^ 
poses  most  of  the  metallic  salts;  those  of  lead  of  a  l)eautiful 
yellow  colour,  now  much  used  as  a  pigment ;  those  of  mercury 
of  a  line  red;  copper  and  iron  reddish  brown;  silver,  dark 
red..  According  to  Dr.  Thomson,  who  has  lately  investigated 
k  with  much  ciire,  chromate  of  potassa  is  composed  of 

1  atom  of  chromic  acid  =  52 
1  do.  of  i^otassa =  48 

100 

Bi^chromafe, — When  to  a  solution  of  these  crystals  in  water, 
such  a  quantity. of  sulphuric  acid  is  added,  as  to  give  the 
liquor  a  sour  taslc,  and  it  is  set  aside  for  24-  hours,  small  re- 
gular needles  are  deposited  ;  or  sometimes  rectangular  tables  of 
considerable  size,  and  of  a  beautiful  orange  red  colour.  These 
crystals  arc  ihc  bUchr ornate  of  potassa.  They  are  much  less 
soluble  in  water  than  the  chromate;  for  100  parts  at  G0°  Fahr. 
dissolve  only  about  10  parts.  The  solution  has  an  intense 
orange  colour,  and  reddens  vegetable  blues.  This  salt  is  com- 
posed of 

2  atoms  of  chromic  acid.  =  104 «  68.4<21 

1  atom  of  potassa =    48 31.579 

152.  100. 

Carbonaie  of' chromium  is  of  a  brown  colour.  Boiling  water 
<lecpmposes  it  into  carbonic  acid  and  green  oxide. 

Tiie  chronaates  of  ammonia,  potassa^  soda,  lime,  and  mitg- 
Qtaia,  lire  sdloble  and  01  ystaUioable,  andapeiall  of  an  orange 
oolonr.  Those  of  faarytn  and  strontia  are  witfadilHonhy  ftoliible^c 
IKe  flMnhiwtioa  >of  chromie  add.  with  .wiona  bins,  and  the 
properties  of  the  resultuig  salts,  have  been  fiilly  described  by 
Vauqoelin  in  t^e  70tb  yol.MOie  of  Ann*  da  Ghim.;  by  Dr. 
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Johtf  in  4)ie  4tb  viahiiHe  «f  the  Aiuuils  of  Philosophy ;  bj  Dr. 
TliewscH^  ia  the  16tb  vol.  of  the  same  work;  and  by  Gmaub* 
velie  in  the  J7tli  voiiime  of  AttfuilM  de  Chim.  et  de  Fliysiqiie. 
It  ap|)etrs  to  lie  dmibtfiil  wb^t&er  any  oottipouiHis  e»M  dm* 
can  propei4y  he  called  chromUes. 

EquhfalenU  cf  CJiromitufi  and  Us  Oxides. — The  coaif>Miti€iti 
of  the  oxide  and  acid  of  chrofniom  has  nol  been  dctermoMd 
by  direct  ex(ieritiieKi(s ;  but  from  the  analyua  of  chrorsates  of 
iead  aud  baryta^,  it  would  appear  that  5i  is  the  equivakot 
Doodi^er  for  cbroiiMC  acid.  Now  BerseUua  aaiigna  to  the  acid 
^iouble  the  quantity  of  oxygen  that  exists  in  the  oxide^  and  it 
is  probable  that  obromic  acid  ooasiets  of  one  atom  of  metal 
+  S  atoms  of  oHygen.  Deducting  24  from  52»  we  obtain  *2^ 
for  the  atom  of  chromium,  and  28  +  12  =  40,  for  that  of  the 
protoxide. 

The  principal  use,  to  whicli  chromium  has  been  applied,  is 
the  preparation  of  the  beautiful  pigment,  chromate  of  lead, 
known  in  commerce  by  the  name  of  chrome  yellow.  It  is  pre- 
pared by  mixing  the  solutions  of  chromate  of  potassa  and 
nitrate  or  acetate  of  lead.  Nineteen  parts  of  bi-chromate  of 
|X)tassa  decompose  41.5  of  dry  nitrate  of  lead.  Tlie  inso- 
luble compound  consists  of  I  atom  of  chromic  acid  +  1  atom 
of  protoxide  of  lead.  (Tliomson«)  It  appears  piobable,  also, 
from  the  experiments  of  Lassaigne  (Ann.  de  Ch.  et  Ph.  xiv. 
S<)9,  XV.  76,  and  xvi.  400,)  tliat  chromium  admits  of  being 
successfully  applied  to  the  arts  of  dyeing  and  calico-printing; 
and  in  the  latter  very  striking  eiFects  have  already  been  pro- 
duced on  the  large  scale. 


SECTION  xxir. 


L  HfmomXiV  jamy  be  obiain^  fmnlm'OidiflbKntaiiacrals. 
The  oneviCMsiitiiig  of  tlie  fngatie  acid^  imilaa  with  Jimt. 
ia  tnaUed  siteplj»  laii|;alenu  in  dte  atber,.  teifated  WfaifBaaii  it 
isiiititBd  witk  iioo and  nmnftainai*    Its tttnctawfiwi  OA 


'    /  "'fllrMllusi  Ma.  M  OHMl  M^Phyi<  tii.  Ml.       ' 
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tbnasffi&lheiiQwtmailrie  pvoaessi  Oae  yiit  of  ihe  UmffAuto 
of  lime,  and  four  of  carbonate  of  potassa,  aseibted  together^ 
tad  tH^  jnaMi  pa^lbaalved  m  t  £  parts  of  boiling' water.  ISlric 
and  ia  tb»  added^  which  united  with  the  pdlaata,  •and  pre» 
aiptlalas.  tMBgatie  add*  TUs  ackl,  <wIma  taduotd  an  the  milai 
mwicfv  yiekk  tan^rtea ;  bat  the  pnac^is  is  a.  verjF  diffiiadt 
<aK»  and  SreifmiAty  fails  of  siinccas.  J^rofosor  CJacke  baa 
anecnided  in  ettctin^  its  raduetion  bjr  Jtke  ^mygssLaai  hy^ 
dnagen  bkaw-pipe.* 

The  ^ungitte  add  mmjf  akso^  be  obtaisedfnoai  W<dfiaaa» 
%  fiifiba  vitli  three  tiaiaB  its  ivei^t  of  siftrafte'iof  potafsar; 
or  with  twice  its  wd|fkt  of  oat'boaaia  of  pntnBws>  Tdhe  Jbaed 
mam^  dkaolaad  js  jboj^ing  watec,  and  ^ItBuad^  gmh  a«*the 
adclitififi  of  nitric  a<tody  a  pradpiteia  oT.^uBgBlio  ^acidi.-  Ott 
W^jtfvaai,  rafaiocd  to  a  fine  'powsbc,  may  be  iMi&d  irilJk  ibvda 
tiainiittareigh»  af  mmiatie  ocidi  As  'SIkxl  j»  the  add  Imk 
comes  hot,  a  yellow  powder  appears^  and  the  liqaidjbe«oai£» 
bjoarn*  Wibett;oold»  deaant  thoctear-liqBidf  onct  wadhr  the 
aBdimwBt  repeatedly  aiitb  water ;  ^bcttdagoBt it,  (or,  afM^  faofir% 
with  iiqaid  amaianLV  wUch  wltt  take  up-  n  pam.  Rapewt^ 
diese  opcvqtiaasf  ^'M  dawy  oeese  So  aat-  oa  -due  aatwlai>cc> 
Eitaporarte  the- amiuaiiiacni/ solatiaii  io  di^oeas^  aad  caldi^ 
the  «(dL  The  acid  06  taiigstfiD  reaidiv^  ia  the  pttOfMtA^m  of 
nxaa  tban  iadf  the  ^eigbt  of  Wolfiaiti  wlsMi^  baa  beea  mtorr  ^ 
plofed.  iid»w  taatbtofds^  of  ibrauog  iaagsiieLaaiAtare  de^ 
aor'daad  bj? BoflM^Jt  '•  ' 
'iL  Tuagstaii  bastdiG'Ibiiowtiii^iehxra^i^r 

1.  it  haa  a.)|^cykh  white;  odour^iik&tiBiat'Qf  imib^  aad  a 
gaodJealof  liafittnic3^:itiaaot7iaiignetie«  ltlspedificrg)i!a«>ii|r# 
aeoatdvog  to  fiflf^lhnyard,  ts'  i:^il;  or^  occof diap  tia  Itfessiii^ 
ibthaa  and  Aikia^  t:7i29.  ^Iteahphi  makes<  it  lilsa  utaaa  ^  th«»9 
tteaasMftbeiayi^  h7A^  Ijiiafissoa  is  oiti«fvtAeadiqpe»  saapaowd 
in  deiialty>b5)|iold'^ajidpliilitiunn  •      *   .   .    -  •■  ■ 

2.  It  is  extremely  hard  aad  brittle.  It  requires,  for  fusion, 
a  ten^rature  of  at  least  IJC^^  Wccl|jw\>od.  . 

S.  jli  is  oxidiiped  bj)  .<li)a  action  ai'  iioat  and  afr.    Itft  first 

•<1Sh|)niso!r»  Annals,  x.  376.  ..    . ;      t  Ibid.  vi.  198. 
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oxide  18  blmek.    The  second^  wbieh  is  yellow,  is  cominooly 
termed  iungsiic  add. 

III.  The  tungsiic  acid  has  do  taste ;  has  thespedfic  gmfjty 
6.11^;  is  difficultly  fusible  except  bj  intense  Galvanic  action^ 
which  partially  reduces  it;  it  is  insoluble  in  water ;  but  i»» 
mains  suspended  in  it^  and  in  this  state  Imu  no  action  on  veg^ 
table  colours.  Exposed  to  heat  in  a  platinum  spoon^  itna-> 
sumes  a  deqp  green  colour.  Calcined  with  the  contact  of  air, 
its  yellow  colour  becomes  deeper,  and  passes  to  a  green^  mid^ 
after  some  hours,  to  grey.  The  deficieiicy  of  several  acid  pro* 
perties  induced  Vauquelin  to  withdraw  it  from  the  class  of 
acids,  and  to  arrange  it  among  the  oxides. 

The  tungstic  acid  is  composed,  as  appears  from  the  eqwri* 
ments  of  Buchols,  of  80  parts  oxygen  and  80  metal;  suppoain|[ 
die  acul  to  cmisist  of  an  atom  of  metal  and  three  atoms  of 
oxygen,  this  would  give  96  for  tlie  equivalent  of  tungsten,  and 
180  for  that  of  tungstic  acid. 

When  hydrogen  gas  is  passed  over  ignited  tungstic  ncid» 
a  chocolate  powder  is  obtained,  which  neither  combines  with 
acids  nor  with  bases.  Berzalius  finds  it  to  be  an  oxide,  the 
oxygen  in  which  is  to  that  in  the  acid  in  the  proportion  of  ^ 
to  S.  (Ann.  de  Chim.  et  Phys.  xvii.  16.)  Therefore  in  this 
compound  96  of  metal  are  united  with  16  of  oxygen  veiy 
nearly.  Tungstate  of  lime  was  found  by  Klaproth  to  consist  of 
77.75  acid  +  88.85  lime;  but  Bengelius  states  its  components  to 
be  80.4  acid  -f  19.6  base.  This  is  the  composition  also  oif 
Wolfram,  so  fiir  as  respects  the  tungstate  of  Ume  in  that  minefaK 

IV.  Berzelins  has  lately  examined  also  the  sulphuret  of 
tungsten,  with  the  view  to  determine  the  capacity  of  satuni^ 
tion  of  that  metal.  He  heated  together  one  part  of  powdeced 
tungstic  acid,  and  four  of  sulphuret  of  mercury.  The  ktter 
metal  was  expdiled,  and  a  blackish  grey  compound  remained^ 
not  unlike  sulphuret  of  copper.    On  analysis,  it  affi>rded 

Atoms. 
Tungsten  •  •  •  •  74.891 ....  100.     • ...  1  • ...  s  96 
Sulphur 85«109.f     35.53. ••«  8«,..  s  34 

100«  130 
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One  huodreil  parts  of  tlie  sulphurety  calciocd  soksMo  expel 
the  sulphur  and  oxidize  the  metal,  gave  93*5of  tiingstic  acid; 
and,  as  that  quantity  of  acid  must  contain  74.891  metal,  100 
should  contain  80.09,  which  agrees  with  the  experiment  of 
Bucholz.  It  may  be  remarked,  that  the  sulphur  in  the  sol- 
pburet  is  rather  more  than  double  the  oxygen  in  the  new 
oxide  obtained  by  Berzelius,  but  the  difierence  is  not  greater 
than  may  be  accounted  for  by  the  unavoidable  errors  of  the 
experiments.  Consisting  of  two  atoms  of  sulphur  and  one 
of  metal,  it  is  in  fact  to  be  considered  as  a  bi-sulphnret  of 
tungsten. 


SECTION  XXIII. 

ColumHum. 

CoLUMBiuM  was  discovered  by  Mr.  Hatchett,  in  a  mineral 
belonging  to  the  cabinet  of  the  British  Museum,  supposed  to 
be  brought  from  Massachusetts  in  North  America.  By  alter- 
nate  fusion  with  potassa,and  digestion  with  muriatic  add,  the 
mineral  was  decomposed ;  the  acid  combining  with  oxide  of 
iron,  and  the  alkali  with  a  peculiar  melaUic  acid,  separable 
by  the  addition  of  diluted  nitric  acid,  which  threw  down  a 
cc^ious  white  sediment. 

This  acid  was  not  reduced  by  Mr.  HaCdiett,  who,  however, 
from  its  properties^  entertained  little  doubt  that  it  has  a  metal- 
lic base.  It  is  insoluble  in  nitric  add ;  but  when  fresh  preci- 
pitated,  it  combines  both  with  the  sulphuric  and  muriatic.  It 
unites  also  with  alkalis,  and  both  solutions  are  colourless. 
Prussiate  of  potassa  gives  an  olive-coloured  precipitate;  tinc- 
ture of  galls,  a  deep  orange ;  and  hydro-solpkiret  of  ammonia, 
one  of  a  chocolate  colour. 

A  metal,  analogous  in  its  properties  to  colnmbium,  was  dis- 
covered by  Mr«  Ekeber^^  a  Swedish  chemist,  in  two  difierent 
fossils,  called  Tantalite  and  Yttro-tantalit^  both  of  which  are 
found  in  Finland.  To  this  metal  he  gave  the  name  of  ton/«* 
lunu    In  the  one  it  ooomns  combined  with  iron  and  manga- 
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f;  kl  iiie  o(b«r,  %riifc[  the  enrth  yttria.**  Froin  these  ores 
it  19  obcaivcd,  by  iPeating  them  alternately  w!fH  caustic  fixed 
oHoali,  and  nun^mtie  er  nitro-miiriatic  ncid.  The  allcaHne  so- 
lotioaiMiDg  tupersaturated  with  ad  acnd,  lets  Ml  a  white 
povdeff,  which  ts  oxMe  of  tan«alam.  The  fbllowing  are  the 
charaoterbtio  pi^operties  of  tantaltrm,  as  enumerated  by  Mr. 
fikebafgt 

1 .  Iv  k  not  soluble  ki  any  acidy  eten  the  nitro-murintic,  in 
whatioever  slate  the  mineral  is  takei^  and  whatever  means  are 
emplojfid. 

2.  Fixed  allcnlis  attaclc  it  when  fused  with  it  in  conskter- 
able  excess,  and  dissolve  a  co^ftiderablc  quantity,  which  may 
afterwards  be  precipitated  by  acids,  even  by  the  carbonic, 

S.  The  oxide  of  this  metal  is  whitey  and  does  not  acquire 
any  colour,  by  exposure  to  a  higli  temperature  with  access  of 
air.     Its  specific  gravity,  after  being  made  red-hot,  is  6.500. 

4.  It  melts  with  phosphate  of  soda,  and  with  borax,  but 
f]««^  iH)t  impart  Ut  them  any  cotour. 

5».  Tlie  oxido  eif  tantalum^  ignited  with^  charcoal,  meks  and 
j^UiUtiateSk.  It  tHen  presents  a  metallic  lustre,  and* a  shining 
ffBcture  of  a  gi^yifli  black  colour.  Ae'rds  cinnge  it  again  into 
o.  whi^  oKtde. 

TliOMgh  theos&les  of  tm  ffnd  of  tungsten  are  equally  soluble 
wiib  that  &£  tonbdmn  ia  fixed  alkoliS)  yet  the  former  is  easDy 
veduced,  furnishing  a  ductile  metal;  and  the  oxide  of  tungsten 
da^^lvos  iomnaMaiiv  is  civanged  ttf  a  ^^ellow  colour  by  acids, 
ilPfl  ftCMnoMiQicUfs  cokiur  to  ptiosplmte  of  soda  and  borax. 
Tfa«  oHide-  of  titanium t  differs  from  this;  in  being  soluble  lir 
i«ci(ls„<uid.ia  UAgmg  botf«x  and  plw)JT>horic  salts,*  when  fused 
wiih'ihtan.    . . 

CoofiidarpMe>4oiibt8.iiMll)eeiieivteftained  by  several  chc*. 
mists,  whether  any  essential  different  exists  between  colutit- 
binnt  aud  taMiltnD  ^  )aim  fitmv  kleiivity  appeafs  now  to  be 
fi^ly  asrahlishcd  by  Uia  mperimeiita  of  Df.  VTMYAxtort. 
liayimg  l^nociif ed  spedmens  of  al>«tatitd)itd  mid  yttrtMantai- 

••  '  ■    -' — *■!  ' '  .t; ■^■r*'— *ii  ■  !■**    ■■  ■  ■■i.«-i..  ■    *»i  *■■.*-  ..i 

*  S^  Ai^  de  ^U<n..iiiia,  %^^  t  IjftwniDi^ti  Anaia s>.ir.  46r. 
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^te,  from  wbioh  taQtaI^m  may  be  separated,  he  compared  its 
properties  with  those  of  oxide  of  co(umbiuip,  furnished  by 
Mr.  Hatchett,  and  obtained  from  a  specimen  in  the  British 
Museum. 

The  external  characters  of  the  mineral,  which. yields  colum- 
bium,  closely  accord  with  those  of  tantalite.  Both,  also,  yield 
a  white  oxide,  combined  with  iron  and  manganese,  and  as 
nearly  as  possible  in  the  same  proportion.  The  white  oxide^ 
though  not  absolutely  insoluble  in  sulphuric,  nitric,  and  muri- 
atic acids,  is  (from  whichever  mineral  it  has  been  obtained) 
very  nearly  so.  Its  appropriate  solvent  is  potassa,  which  does 
not ^ require  to  be  absolutely  free  from  carbonic  acid.  The 
whole  of  the  oxide,  thus  dissolved,  may  be  precipitated  by  an 
acid,  and  it  is  not  re*dissolved  by  an  excess  of  acid.  The 
oxides  from  both  minerals  agree,  also,  in  being  .soluble,  when 
fresh  precipitated,  by  oxalic,  tartaric,  and  citric  acids.  Eke- 
berg,  however,  we  are  informed  by  Berzelius,*  discovered,  in 
a  sample  of  the  mineral  from  the  British  Museum,  a  consider- 
able quantity  of  .tungstic  acid,  to  which  it  owes  its  acid  pro- 
perties ;  and  its  other  constituent  be  found,  with  I>r.  Wollas- 
ton,  to  be  oxide  of  tantalum. 

Infusion  of  galls,  prussiate  of  potassa,  and  hydro^sulphuret 
of  potassa,  occasion  no  precipitation  from  the  alkaline  solution 
of  either  of  these  oxides ;  and,  when  a  .sufficient  quantity  of 
a«d  has  been  added  to  neutralize  the  redundant  alkali,  infu* 
sion  of  galls  only  throws  down  a  precipitate  which,  in  both 
cases,  is  of  an  orange  colour.  From  these  coincidences,  there 
can  be  little  room  to  doubt  of  the  identity  of  tantalum  with 
the  characteristic  ingredient  of  columbium.  The  identity  of 
columbium  and  tantalum  being  now  established,  it  seems  due 
to  its  first  discoverer,  Mr.  Hatchett,  to  distinguish  it  in  future 
by  the  former  name.  Columbium  has  lately  been  reduced  to  a 
.IfBlltftllic^fpvmby  5}f r,»^iius,  Hi;5m^rt^9^  consistj5(l^^,\mir9diicing 
4i?i<Wl}^<wbid|;^^  p^^v^o^sly  b^eastifqqgly  l\^t^^„ift(Q  a  c^- 
?Myiflb9HM>l»  in«l>«ndf^i>^lf  dfieg^  andqf  ^be  diameter  of  p^jqftfe 
iflH9I»sfK?i^ci»l»\y4fl5nied.ip.^j?j^fi  of  <}ba^:qqol.  Xo  t^S^^c^vity 

▼OL.   II.  F 
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Hessian  cruciblcj  was  exposed  to  a  violent  fire  during  an 
hour.  From  four  experiments,  similarly  conducted,  he  in- 
ferred the  composition  of  the  oxide  to  be 

Tantalum 94.8 100. 

Oxygen  .  • » • 5.2 5.485 

100. 

If  this  be  the  protoxide,  the  equivalent  number  deduced  for 
columbium  will  be  144,  and  for  the  oxide  144  +  8  =  152. 

The  specific  gravity  of  a  specimen  of  the  metal,  sent  by 
Berzelius  to  this  country,  was  found  by  Dr.  WoUaston  to  be 
5.61 ;  but  as  the  mass  was  porous,  its  real  specific  gravity  is  pro- 
bably much  higher.  Its  colour  was  dark  grey,  and  when 
scratched  with  a  knife,  or  rubbed  against  a  fine  grindstone, 
it  assumed  the  metallic  lustre,  and  the  appearance  of  iron. 
By  trituration,  it  was  reduced  to  a  powder,  which  was  desti- 
tute of  metallic  lustre,  and  completely  insoluble,  even  by 
several  days'  digestion,  in  muriatic,  nitric,  or  nitro-muriatic 
acid.  Like  chromium,  titanium,  iridium,  and  rhodium,  it  is 
incapable,  therefore,  of  being  oxidized  by  acids,  and  in  order 
to  be  oxidized  requires  to  be  fused  with  caustic  potassa.  At 
a  red  heat,  the  metal  takes  fire,  and  burns  with  a  feeble 
flame.  It  detonates,  also,  when  mixed  with  nitre,  and  pro- 
jected into  a  red  hot  crucible.  With  other  metals,  it  unites 
and  forms  alloys.* 


SECTION  XXIV. 
Antimony, 

1.  Antimony^  as  it  occurs  under  that  name  in  the  shops^ 
18  a  natural  compound  of  the  metal  with  sulphur,  in  the  pro- 
portion, as  stated  by  Proust,  of  75  antimony  and  25  sulphur. 
To  obtain  antimony  in  a  metallic  state^  the  native  sulphureC 
18  to  be  iQized  with  two  thirds  its  weight  of  bi-tartrate  of 

•  Ana.  ^ Cbiin.  etPbj^. m.  140;  Tbootton's  Aoaalt,  viii.  S$9. 
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potossa  (in  the  state  of  crude  tartar,)  and  one  third  of  nitrate 
of  potassa  deprived  of  water  of  crystallization.  The  mixture 
must  be  projected,  by  spoonfuls,  into  a  red-hot  crucible ;  and 
the  detonated  mass  poured  into  an  iron  mould  greased  with 
a  little  &t.  The  antimony,  on  account  of  its  specific  gravity^ 
will  be  found  at  the  bottom  adhering  to  the  scoriae,  from 
which  it  may  be  separated  by  a  hammer.  Or  two  parts  of 
the  sulphuret  may  be  fused  in  a  covered  crucible  with  one  of 
iron  filings,  and  to  these,  when  in  fusion,  half  a  part  of  nitre 
may  be  added.  The  sulphur  quits  the  antimony,  and  com- 
bines with  the  iron. 

In  order  to  obtain  antimony  in  a  state  of  complete  purity, 
the  metal,  resulting  fi-om  this  operation,  must  be  dissolved  in 
nitro-muriatic  acid,  and  the  solution  poured  into  water.  A 
white  powder  will  precipitate,  which  must  be  dried,  mixed 
with  twice  its  weight  of  crude  tartar,  and  fused  in  a  crucible, 
when  the  pure  metal  will  be  produced. 

II.  Antimony  in  its  metallic  state  (sometimes  called  regulus 
of  antimony)  is  of  a  silvery  white  colour,  very  brittie,  and  of 
a  plated  or  scaly  texture.  Its  specific  gravity,  taken  by  Mr. 
Hatchett,  was  6.712  ;  by  Dr.  Thomson,  6.424. 

It  is  fusible  by  a  he  at  of  about  810^  Fahrenheit;  and  cry- 
stallizes, on  cooling,  in  the  form  of  pyramids.  In  close  vessels 
it  may  be  volatilized,  and  collected  unchanged. 

III.  Oxides  of  Antimony. — Antimony  undergoes  littie  change 
when  exposed  to  the  atmosphere  at  its  ordinary  temperature ; 
but  when  fused,  with  the  access  of  air,  it  emits  white  fimies, 
consisting  of  an  oxide  of  the  metal.  When  a  small  fragment 
is  placed  on  charcoal,  and  exposed  to  the  flame  of  a  blow-pipe 
supplied  with  oxygen  gas,  it  bums  with  great  brilliancy  ;  and 
a  dense  yellow  smoke  of  oxide  arises  from  it.  This  oxide  had 
formeriy  the  name  of  argentine  flowers  of  antimony.  The  vi^ 
pour  of  water,  brought  into  contact  with  ignited  antimony,  is 
decomposed  with  so  much  rapidity,  as  to  produce  a  series  of 
detonations. 

Considerable  diffisrences  exist  among  chemists,  as  to  the 
oompoutioD  of  the  oxides  of  antimony.  According  to  Proust, 
(Joom.  de  Fhys.  Iv.)  they  may  all  be  reduced  to  two.  The 
flrrt  maybe  obtMoedby  pouringmiiriate  of  antimony  into  waltr; 

F  S 
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y.washiug  the  prccipUatc,  first  with- a  v^ry  weak  solution  of  po- 
taasa,  and  afterwaixb  with  .^ater;  and  then  drying  it.  It  iias 
A  dirty  white  colour,  melts  at  a  moderate  red  heat,  and  becomes 
opaque  on  cooling.  The  peroxide  may  be  procured  by  cd- 
,  ^IficUng  the  flowers  of  antimony  already  described,  or  by  actiog 
on  the  metal  with  nitric  acid,  and  expelliog  the  redundant 
acid  by  heat;  or  by  projecting  powdered  metallic  antimony 
into  xed  hot  nitre.  This  oxide  is  of  a  perfectly  white  colour, 
is  less  soluble  than  the.  former  in  water,  ]q$s  fusible,  wd  may 
be  volatilised  at  a  lower  temperature.  The  two  oxides  are 
composed,  according  to  Proust,  as  follows : 

The  first  of      100  antimony  +  22.7  oxygen. 
The  second  of  100  antimony  +  30.    oxygen. 

Berzelius*  has  described  four  compounds  of  oxygen  with 
antimony;  but  the  first,  obtained  by  the  long  exposure  of  the 
metal  to  a  humid  atmosphere, .  or  by  niaking  that  metal  the 
positive  f:opductor  in  a  galvanic  arrangement,  which  he  has 
called  subQxide^  cannot  be  considered  as  a  definite  compound. 
The  next,  which  is  the  true  protoxide^  may  be  obtained  from 
muriate  of  ai^itimony  i|i  the  manner  already  described ;  or  by 
boiling  50  parts  of  powdered  meldllic  antimony  with  200  of 
concentrated  sulphuric  acid  to  dryness;  washing  the  remainder, 
first,  with  a  weak  solution  of  potassa,  and  then  with  hot  water, 
and  drying ;  or  by  precipitating  the  compound  called  emetic 
tartar  witjh  pure  ammonia,  and  edulcorating  the  precipitate 
with  plenty  of  hot  water.  This  oxide  fuses  at  a  red  heat,  and, 
on  cooling,  becomes  an  almost  white  mass  resembling  asbestos. 
It  appears  )tp  \>e  the  only  oxide  which  is  capable  of  acting  as 
a  true  base  .\Yith  acids,  and  is  that  which  gives  activity  ta  the 
principal  medicinal  preparations  of  antimony. 

The  seamd  or  white  oxide  was  formed  by  Berzelius  by  dis- 
solving metallic  antimony  in  nitric  acid,  and  evaporating  and 
igniting  the  product;  or  by  dissolving  the  metal  in  nitro-mu- 
riatic  acid,  decomposing  by  water,  washing  the  preeipitate, 
and  calcining  It  in  a  platinum  crucible.   •  When  calcined  suf- 
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fid^altly»  and'  ntft^too  n^ncb,  its  colonir  is  |ierfect'  or  snow^ 
white; 

Th€f  tkird'  or  yellow  oxide  vriat  obtaineid^  by  filshig'a  nliittnf^ 
of  cki^'pBtti'  powdered  metalFic  atitiWiMy  und*  six  of  irftre, 
dilring^  an  hotir,  iii's  silver  croeibie,  and  wasbhig  the- fused'' 
mass  -first  with  *cold  and  IheA  with  bdlUng  water.    To  the  prtK*  - 
duct,  first  evaporated' td  dryness,  nttk-kr  aefdwas^dM,  and 
the  mixture  digested  several  hours.     A  white  precipitate  was 
formed,  whieh^  when  edulcorated,  dried,  and  gently  heated  \n 
a  platinum   crucible,  <  assumed   a  fine  lemon  yellow  colour. 
This  was  the  peroxide  of  antimony.     Dr.  Thomson  obtained 
it  more  simply  by  dissolving  antimony  in  nitric  acid,  evapo- 
ratmgto"  dryness,  atid  exposing  tb^  prodflct  for  someiiours  to 
a  heat  df  500^  Fahr.     A  yellow  powder  remanied^  oP  wfaieii»> 
1\  plarts,  exposed-to  h^f,  left  7  of  white'detttoxide;  and  16(1  * 
grains  by  disttilation  gave  very  nearly  19  cubic*  inches'  o0 
oxygeif  gas.    (Ann.  of  PhiL  N.  8;  ii*  125;) 

Tire  composition  of  th^se  oxides  is  tbtis  stated  by  Berzelins,^ 

Metal. 

1.  Protoxide 84;s2 

2.  Deutoxide 80.13 

S.  Peroxide 72.85' 

Ditto  (corrected  1821*)  . .  76.84? 

It  appears,  therefore,  that  Proust  and  Berzelius  do  \\i^ 
coincide  in  their  statements.     Dr.  John  Davy^s  analysis  of  the 
protoxide  exactly  agrees  with  that  of  Berzelius ;  and  the  per-^ 
oxide  he  tx)ABiders,  with  Proust,  as  composed  of  100  metal  + 
SO  oxygen.     (Phil.  Trans.  1812.) 

Dr.  Thomson  was  led,  by  his  experiments,  to  assign  to  these- 
oxides  the  f<jllowing.prdportion«: 

Protoxide 100  metal  +  18.2  oxygen 

Deutoxide 100   do.     +  27.3     do. 

Peroxide 100   do.    +  36.4     do. 

These  proportions,  it  is  evident,  are  more  consistent  witir 
the  general  law  of  chemical  combination,  than  the  later  results  * 

*  Ahn.  de  diitn.  et  de  Phys.  xvii.  10. 
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Oxygen. 

Metal. 

Oxygen. 

15.68 

100   . 

.   18.6 

19.87 

100   . 

.   24.8 

27.15 

100  . 

.   37.20 

23.66 

100  . 

.   31. 
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of  Berzelius ;  though  they  present,  with  respect  to  the  deu- 
toxide,  the  same  anomaly  as  in  the  case  of  one  or  two  other 
metals,  t;ix.  that  the  multiple  of  the  oxygen  of  the  first  oxide  is 
li,  and  not  an  entire  number.  If  Berzelius's  analysis  of  the 
protoxide  be  correct,  the  equivalent  number  for  antimony 
must  be  43 ;  but  Dr.  Thomson's  determination  would  make  it 
4fii.    Till  its  composition  is  decided,  we  may  assume  for 

The  equivalent  number  of  antimony ....  44 

of  the  protoxide   44  -f  8    =52 

of  the  deutoxide  44  +  12  =  56 

of  the  peroxide.  .44  +  16  =  60 

The  peroxide  is  precipitated  from  its  combinations  in  the 
form  of  a  white  hydrate,  100  grains  of  which,  when  exposed  to 
a  red  heat,  give  5  grains  of  water,  and  90.48  grains  of  deutoxide, 
the  loss  (4.52)  consisting  of  oxygen.  (Berzelius.) 
"  The  deutoxide  and  peroxide  of  antimony  ought  strictly, 
indeed,  to  be  arranged  among  acids,  rather  than  among 
oxides;  for  each  of  them  combines  with  salifiable  bases,  and 
affords  a  class  of  salts.  The  first  has  been  called  the  antimo* 
nioiLS  acid,  and  its  compounds  Qjitimoiiites ;  tlie  second  the  a;z- 
timoJiic  acid,  and  the  salts  which  it  composes  anlimoniates. 
These  names  appear  to  mc  preferable  to  those  which  have  been 
derived,  by  Berzelius,  from  the  Latin  appellation  stibium^  viz. 
slibiotiSy  and  stibic  acids.  For  a  detail  of  the  properties  of  tliese 
saline  combinations,  I  refer  to  the  memoir  already  quoted,  and 
to  the  5th  volume  of  Ann.  de  Chim.  ct  Phys. 

IV.  Chloride  of  Antimony. --The  combination  of  antimony 
with  chlorine  is  best  effected  by  distilling  together  2.J-  parts  of 
bichloride  of  mercury  (corrosive  sublimate)  and  1  part  of  pow- 
dered metallic  antimony.  The  product  maybe  rectified,  by  a 
second  distillation  at  a  low  temperature.  It  was  formerly 
known  by  the  name  of  butler  of  antimony^  on  account  of  its 
consistency.  At  common  temperatures,  it  is  a  soft  solid,  which 
liquefies  by  heat,  and  crystallizes  on  cooling.  It  deliquiates 
on  exposure  to  the  air,  and,  when  poured  into  water,  a  preci- 
pitate fidls,  called  AlgarottCs  pou/derj  which  is  a  suhmuriatc  rf 
the  protoxide.  From  this,  the  muriatic  acid  is  removeable  by 
a  weak  solution  of  potassa,  and  the  oxide  remains  pure. 
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Chloride  of  antimony  has  been  inferred  by  Dr.  Davji  from 
indirect  experiments,  to  consist  of 

Chlorine 39.58    100. 

Antimony 60.42   150.1S 

100. 

If  this  determination  were  correct,  the  equivalent,  deducible 
from  it  for  antimony,  would  be  54,  a  number  differing  widely 
from  that  already  deduced  from  the  composition  of  the  prot* 
oxide.  It  is  more  probable,  that  some  error  has  crept  into 
the  estimate  of  the  composition  of  the  chloride,  than  that  the 
<:onstitution  of  the  protoxide  has  been  mis-stated. 

Iodide  of  antimony  is  of  a  dark  red  colour ;  and,  when  acted 
upon  by  water,  yields  hydriodic  acid  and  oxide  of  antimony. 

VI,  Salts  of  Antimony, — Antimony  is  soluble  in  roost  of 
the  acids.  When  heated  with  sulphuric  acid^  the  acid  is  de- 
composed ;  sulphurous  acid  is  disengaged  ;  and  the  antimony^ 
being  converted  into  protoxide,  a  subsulphate  is  the  product. 
Nitric  acid  dissolves  this  metal  with  great  vehemence;  but  the 
most  convenient  solvent  is  the  nitro-muriatic  acid,  which  acts 
upon  tlie  metal  both  in  a  separate  slate,  and  as  it  exists  in  the 
black  sulphuret.  Muriatic  acid  acts  on  the  latter  compound^ 
and  evolves  sulphureted  hydrogen  gas  in  abundance,  and  of 
great  purity,  and  muriate  of  ammonia  is  also  formed,  and  re* 
mains  in  solution  along  with  the  muriate  of  antimony.  (Ber* 
zelius,  Ann.  de  Chim.  et  Phys.  xvii.) 

Phosphate  of  antimony  has  not  been  examined.  The  medi- 
cinal preparation,  called  James's  powder,  was  found  by  Dr. 
Pearson  to  consist  of  57  protoxide  of  antimony,  and  43  phos- 
phate of  lime;  and  it  has  been  imitated  in  the  pulvis  antimo» 
nialis  of  the  London  Pharmacopoeia,  which  is  formed  by  cal- 
cining the  native  sulphuret  with  hartshorn  shavings.  The 
preparation  appears  to  be  often  uncertain,  and  even  almost 
inert,  and  to  vary  as  to  the  state  of  oxidation  in  the  antimony^' 
containing  sometimes  a  large  proportion  of  the  peroxide.* 

Tartarized  antimony ,  or  emetic  tartar,  is  a  triple  salt  of  prot* 

•  See  Mr.  R.  PhiUipi  in  Ann.  of  Phil.  N.8.  iv.  266. 
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o!dd(g  d^atitfmbny;  pbtis^sa,  and  tartaric  adid.  It  is  bdftt  ^i^ 
pared,  according  to  Mr.  R.  Phillf  ps  (on  the  London  Pharmk^ 
copoeia,  p.  80.)  by  boiling  KK)  parts  of  metallic  antimony  to 
dryness  widi  SOO  of  sulphuric  acid.  One  hundred  parts  of  the 
resulting  subsulphate,  boiled  in  an  iron  vessel  with  an  equal 
weight  of  bi- tartrate  of  potassBjgive  at  the  first  crystallization 
90  parts  of  tartarized  antimony ;  and  a  further  quantity  may 
be  obtained  by  evaporating  the  solution.  The  primitive  crystal 
of  this  salt  is  a  rectangular  octohedron,  the  planes  of  which 
meet  at  the  summit  at  an  angle  of  about  6S^.  Like  other  suIk 
stances  possessing  a  similar  primitive  form,  it  admits  of  the  te» 
trahedron  as  one  of  its  varieties^  This  salt  ought  to  form> 
irith  a  dilute  solution  of  sulphuret  of  potassa,  an  orange  co- 
loured precipitate. 

V.  Sulphuret  of  ^»/imo/yy.— Antimony  combines  with  sul^ 
pkuff  and  forms  an  artificial  sulphuret,  exactly  resembling  the 
native  compound,  which  last  may  be  employed,  on  account  of 
its  cheiqiuiess,  for  exhibiting  the  properties  of  sulpliuret  of  an* 
timony4  The  proportions  of  its  ingredients,  as  stated  by  Ber« 
melius,;  differ  from  those  assigned  by  Proust,  viz. 

Antimony 74.8e   ....  100 270 

Sulphur 27.14   ....     37.25  ....  100 

100. 

t)r.  Thomson's  recent  analysis  makes  it  to  consist  of  77-j> 
metal  +  2<>|.  sulphur,  or  of  100  metal  +  S4.4  sulphur.  To 
be  double  the  oxygen  of  the  protoxide,  the  sulphur  ought  to 
lie  36.4  to  100  of  the  metal. 

When  native  sulphuret  of  antimony  (frequently  called  crude 
antimony)  is  slowly  roasted  in  a  shallow  vessel,  it  gradually 
loses  its  sulphur,  the  metal  attracts  oxygen,  and  is  mostly 
converted  into  a  grc}'  oxide.  This,  being  melted  in  a  strong 
heat,  acquires  a  reddish  colour,  and  runs  into  a  glassy  sub> 
stance,  transparent  at  its  edges,  and  termed  glass  tf  antimony^ 
It  consists  of  eight  paru  of  protoxide  and  one  of  sulphuret, 
with  ten  per  cent,  of  silex.  The  same  quantity  of  oxide  and 
two  of  sulphuret  give  an  opaque  compound,  of  a  red  colour 
inclining  to  yellow ;  and  called  crocus  metalloruin.  With  eight 
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partsdf  ci5dde  and' four  of  stilpHur,  i^e obtain  an  opaque  i 
oFa  datlt  rdd  colbur,  called  IwiH^  6f  antimmfy,^  In  all*  xhtse 
coiiipotTnd^,  the  oxide  is'  at  its  mtnirtiuihof  o^dation ;  ibr  the 
peroiHde  ik  inca)f>able  of  dte^olviiig  the  sulphitk*ei:. 

2.  ^V^en  fused  with  potn^a,  a  tri^ile  compound  is  formed^' 
composied  of  aikaK,  sutpbur,  and  antimony.  Or  the  combi* 
nation  may  bi!  ^fected-,  in  the  hiimfid  way,  by  boitin^  the  pow^ 
dered  native  sulphuret  with  pure  potassa.  The  solution,  on 
cooUng,  deposits  an  hydro-sulphureted  oxide,  in  which  the 
oxide  prevails,  called  Kermes  mifteraL  This  compound,  from 
Dr.  Thomson's  analysis,  appears  to  be  composed  of  1  atom  of 
protoxide  +  1  atom  of  sulphureted  hydrogen,  or  of  75.36  of 
the  former  +  24.G4  of  the  latter.  The  addition  of  a  dilute 
add  to  the  cold'  solution,  precipitates  a  compound,  called 
goldetrstitpkitf^GfarttiThoftyy  Whith  may,*  also,  be^  obtained  by 
JkcbtnpoiAng  chloride  of  antimony  with  a  sufficient  qdantity  «yf 
bydtt>sulphuret  of  potassa.  From  Kermes  mineral,  thi^  com- 
p6tthd  dtfl^rs  only  ih-  containing  a  larger  proportion  of  8ul«» 
phureted  hydh>g^h ;  ibr  Kermes  itiay  be  changed  into  the 
golden  sulphur  of  antimony,  by  Wat^  impi*egnftted  with  sid*- 
phureted  hydrogen. 

5.  When  the  sulphuret  of  antimony  is  detonated  with  twice 
it^  Weight,  or  Uf^Ward^  of  powdered'  nitre,  the  sulphur  is  dxy^ 
geiiated  by  the  okygeh  of  th^  nitric  acid ;  sulphate  of  potassa 
is  formed,  and  an  oxide  of  antimony  is  obtained,  varying  in 
Its  degree  of  oxidatiori,  with  the  proportion  of  nitre  which  hitt 
been  employed.  The  oxide  remains,  after  washing  away  the 
stilphate  with  boiling  water.  If  four  times  its  weight  of  nitre 
be  employed,  the  metal  gains  3^  per  cent,  of  oxygen;  acquires 
the  diaracters  of  an  acid;  and  forms,  with- potassa,  a  crystal*^ 
lizablc  coitipoundj  or  antifnoniate. 

VT;  j4lhi/s  of  Aniimmty,'^ Antimony  ethers  into  comlHna* 
don  with  mo^t  of  the  metals.  It  destroys  the  ductility  of  gold^ 
even  when  it  composes  only  inmr^^  ^^  ^^^  whole  mass,  or  when 
itlii^fbnes  albrie  come  into  Contact  with  melted  gold.  The  most 
impoi^artt  of  its  alloys  i«  that  which  it  forms  with  lead.  In 
the  pl^ofVortion  of  one  part  to  sixteen  of  lead,  it  composes  the 
m^tal  for^prihters*  types:  Irraay  be  alloyed  with  tin>  but  if 
its  proportion  in  th^  alloy  exteedsr  One  fourth,  the  tin  loses  its 
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ductility*  Tin,  also,  by  combination  with  more  than  -^ih  of 
its  weight  of  antimony,  acquires  the  insolubility  of  the  latter 
metal  in  muriatic  acid*  In  analyzing  compounds  of  tin  and 
antimony,  it  is  necessary  first  to  make  an  alloy,  in  which  the 
antimony  shall  not  exceed  the  above  proportion  of  ^th  part, 
for  then  concentrated  muriatic  acid,  by  digestion  with  this 
alloy,  dissolves  the  tin,  and  leaves  the  antimony  untouched. 


SECTION  XXV. 
Uranhwi. 

This  metai  was  discovered  by  Klaproth,  in  1789,  in  a  mi-  - 
ueral  called  pecliblende,  which  contains  uranium  combined 
with  sulphur.  The  metal  is  separated  from  the  sulphur,  first 
by  roasting ;  then  dissolving  the  ore  in  nitro-muriatic  acid, 
and  precipitating  by  an  excess  of  pure  ammonia.  An  orange- 
coloured  precipitate  is  obtained,  which  is  an  oxide  of  uranium. 
This  may  be  reduced  to  a  metallic  form,  in  the  same  manner 
as  the  molybdic  acid. 

Uranium  is  of  an  iron  grey  colour ;  anJ  internally  of  a 
reddish  brown.  It  has  only  been  obtained  in  small  grains 
of  considerable  hardness  and  lustre,  and  of  the  specific  gravity 
9.'  Its  fusion  is  very  difficultly  effected.  It  undergoes  no 
change  by  exposure  to-  air,  unless  strongly  heated,  when  it 
burns,  and  becomes  a  bluck  oxide. 

The  metal  is  most  soluble  in  nitric  acid.  The  nitrate  forms 
prismatic  brownish  yellow  crystals,  which  have  a  peculiar  iri- 
descent appearance,  are  deliquescent,  and  are  constituted,  ac- 
cording to  Bucholz,  of61  base,  +  25  acid,  +  14*  water. 

With  sulphuric  acid,  it  affords  a  salt  of  similar  colour  and 
shape  to  the  nitrate,  consisting  of  70  oxide  -f  18  acid,  +  12 
water. 

Its  hydrated  oxide,  when  precipitated  by  ammonia  from 
nitric  acid,  is  of  a  yellow  colour,  and  dissolves  in  acids.  When 
gently  dried,  it  consists  of  88  oxide,  and  12  water  in  100.     It 

«  Ann.  de  Chim.  ex  Phyt.  iii.  380. 
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is  precipitated  again  by  alkalis;  and  is  thrown  dowo,  of  a 
reddish  brown  colour,  by  prussiates.  Sulphuret  of  ammonia 
gives  a  brownish  yellow  precipitate;  and  tincture  of  galls,  a 
chocolate  brown  one.  When  exposed  to  intense  galvanic  ac- 
tion, it  is  fused,  but  not  reduced. 

The  yellow  oxide  of  uranium  is  insoluble  in  alkalis,  which 
distinguishes  it  from  the  oxide  of  tungsten.  It  is  soluble, 
however,  by  alkaline  carbonates,  especially  by  carbonate  of 
ammonia. 

There  appear  to  be  two  oxides  of  uranium,  the  yellow  one, 
which,  retains  its  colour  when  heated  alone,  and  becomes  the 
black  oxide,  when  heated  with  a  little  oil.  The  first,  accord- 
ing to  Bucholz,  consists  of  80  metal  and  20  oxygen;  but  the 
composition  of  the  black  oxide  is  not  yet  determined.  Ac- 
cording to  the  experiments  of  Schoubert  (Thomson's  Chemis- 
try, i.  4<27)  the  composition  of  the  protoxide  of  uranium,  de- 
duced from  the  analysis  of  the  muriate,  is  100  metal  +  6.373 
oxygen ;  and  the  multiple  of  the  oxygen  in  the  peroxide,  being, 
according  to  the  same  authority  1-J-,  we  have  100  metal,  + 
9.5G9  oxygen  for  the  composition  of  the  peroxide.  This 
would  make  the  weight  of  the  atom  of  uranium  125,  of  the 
protoxide  133,  and  of  the  peroxide  137.  But  from  a  series  of 
experiments  which  are  described  in  the  Quarterly  Journal, 
xix.  88,  it  seems  probable  that  72  may  be  the  equivalent  num- 
ber. The  subject,  however,  still  remains  in  considerable  un- 
certainty, and  more  especially  as  the  analyses  of  its  salts,  as 
there  stated,  afford  equivalent  numbers  that  do  not  coincide 
with  each  other. 


SECTION  XXVI. 
Cerium. 

I.  Cerium  was  discovered,  by  Messrs.  Berzelius  and 
Hisinger  of  Stockholm,  in  a  mineral  from  Bastnas,  in  Sweden,, 
which  had  been  supposed  to  be  an  ore  of  tungsten.  This  dis- 
covery has  been  since  confirmed  by  Vauquelin;  who,  after 
a  careful  examination  of  the  mineral,  concurs  in  opinion. 
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that  it  contaid^  t1i^  ox\iU  of  an  uHknotcii  rtietsil.  Prom  the 
planet  Ceres,  cIiscovei*ed  about  the  same  period,  it  hafi  been 
called  Cerium';  aiid'  the  mineral  that  contains  it'  is  termed 
Cerite.*  Cerium  has  since  been  ibund  by  Dr.  Tliomson  to 
compose  40  per  cent  of  a  mineral  from  GreenlWd,  first  dis- 
tinguished as  a  peculiar  species  by  Mr.  Allan  of  Edihbnrgh, 
atid  thence  called  AUajlilc. 

II.  0xwfe5.— To  obtain  the  oxide  of  tHistnctal,  the  cerite, 
after  being  calcined  and  pulverized,  is  dissolved  in'  nitro-* 
muriatic  acid.  The  solution  is  filtered,  neutralized  with  pore 
potash,  and' then  precipitated  by  taiirate  of  potassa;  or,  8»* 
Laugier  recommends,  by  oxalic  acid.  Thi^'  precipitate,  well 
washed,  and  afterward^' cakinc^,  i^  the  oxide  of  cerium.  The 
white  oxide  has  been  determined  by  Hisfngcr^f  to  consist  of 

Cerium 85.088 100. 

Oxygen 14.912 17.41 

100. 

The  peroxide^  which  is  obtained  by  calcining  the  white 
oxide,  is  of  a  fallow  red  colour.     It  is  composed  of 

Cerium ^  •  ••  •  79.29  ......  100. 

Oxygen 30.71 26»1 15 

100. 

Hence  it  appears  that  the  oxygto  in  the  protoxide  is  to  that 
in  the  peroxide  very  nearly  as  2  to  3.  If  then  we  consider 
the  former  as  constituted  of  2  atoms  of  oxygen  -f^  1  of  metal,- 
the  equivalent  for  cerium  will  be  92 ;  if  of  one  atom  only  of 
oxygen  +  1  atom  of  metal,  the  representative  number  of 
cerium  will  be  46;  that  of  the  protoxide  54;  and  tliat  of  the 
peroxide  62. 

III.  Sails  of  Cerium. — Sulphnric  avid,  diluted  with  four  times 
its  weight  of  water,  dissolves  the  red  oxide.  The  solution,  on 
being  evaporated,  yields  cryslnis,  some  of  which  are  orar^e, 
and' others  have  a  lemon  ydlow  colour.  The  sulphate  is 
soluble  only  by  an  excess  of  acid.     Its  taste  is  saccharine 


•  See  Nicholson's  JournAl,  xii.  105.         f  Tlioinsoirs  Annals,  iv.  Sbt. 
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mixed  with  acid.  Sulphuric  acid  readily  unites  also  with  the 
white  oxide ;  the  SQlplion  is  ijcarly  colourless,  but  h^s  a  slight 
rosy  tinge.  It.has  a  saccharine  taste,  unmixed  with  acidity, 
and  yields  white  crystals. 

Niiric  acid  unites  most  easily  with  the  white  oxide.  The 
solution  is  very  sweet,  and  is  not  crystallizable.  When  decom- 
posed by  heat,  it  leaves  a  brick-oolourcd  oxide. 

MuTiatk  acid  dissolves  the  red  oxide;  and  the  solution  crys- 
tallizes confusedly.  The  salt  is  deliquescent;  soluble  in  an 
equal  weight  of  water ;  and  in  three  or  four  parts  of  alcohol. 
When  this  solution  is  concentrated,  it  burns  with  a. yellow 
sparkling  flame.  The  dry  salt  consists  of  100  parts  of  muriatic 
acid  united  with  197.5  of  oxide  of  cerium. 

An  infusion  of  galls  produces,  in  muriate  of  cerium,  a 
yellowish  precipitate  not  very  abundant.  A  few  drops. of  am- 
monia throw  down  a  very  voluminous  one  of  a  brown  colour, 
which  becomes  black  and  brilliant,  by  desiccation.  By  the 
action  of  heat,  it  assumes  a  brick-red  colour. 

Oxide  of  cerium  unites  readily  with  carbonic  acid.  This 
union  is  best  effected,  by  precipitating  a  solution  of  the  oxide 
with  carbonate  of  potassa.  An  effervescence  ensues ;  and  a  ' 
white  and  light  precipitate  is  formed,  which  assumes,  on  dry- 
ing, a  silvery  appearance.  It  contains  per  cent.  57.9  parts  pf 
protoxide,  19.1  of  water,  and  23  of  carbonic  acid. 

IV.  Sulphureted  hydrogen  does  not. unite  with  cerium. 

V.  Properties  of  the  metal. — ^1  be. attempts  of  .Vauquelin  to 
reduce  the  oxide  of  cerium  produced  only  a  fio^all  .metallic 
globule,  not  larger  than  a.  pin's  head.  This  globule  was  Qot 
acted  upon  by  any  of  the  simple  acids  ;  but  it  was  dissolved, 
though  slowly,  'by  nitro^muriatic  acid.  I'be  solution  .was 
reddish,  and  gave  traces  x>f  iron ;  but  it  also  gave  evidkot 
marks  of  cerium,  by  the  white  precipitate  which  tarUrite4>f 
potassa  and  oxalate  of  ammonia  threw  down.  The  metallic 
globtde^  aUK>^  wa8-kavder,ifhiter,  much  more»britlle,  and.naore 
scaly  in  its  fracture,  than  pure  cast-irpn,    .^hen  exposad.by 

^Mr.  Children '4o  this  poiwerfal -Xjalvanic*  battery,  >pxide  :pf 
cerium  fbsed.;  eod,  -when  intensely  bsatedy  tbttcn^  .cMpith 
a  vivid  white'^me,  and  was  partly.)^ohailiz0d.  {Ehe  tfiiwl 
oxide,  on  exposure  .fpr  a  few  Ijours  to  the  anr, -fell  into  alight 
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brown  powder,  containing  numerous  particles  of  a  silvery 
lustre.  Hence  cerium  appears  to  be  a  volatile  metal,  unless  it 
be  volatilized  in  the  state  of  an  oxide,  which  remains  to  be 
decided  by  future  experiments. 


SECTION  XXVIL 

Cobalt. 

I.  Cobalt  may  either  be  obtained  from  a  substance,  which 
may  be  purchased  under  the  name  of  Zaffire,  by  fusing  the 
zaffi*e  with  three  times  its  weight  of  black  flux ;  or  it  may  be 
purchased,  at  a  moderate  price,  in  a  metallic  form.  It  has 
been  found  by  Stromejer  in  a  meteoric  stone  from  the  Cape 
of  Good  Hope,*  and  by  others  in  stones  of  similar  origin. 

To  obtain  cobalt  in  a  perfectly  pure  state,  Tromsdorff  re- 
commends, that  the  zaffi*e  should  be^  three  times  successively, 
detonated  with  one  fourth  its  weight  of  dry  nitre,  and  one 
eighth  of  powdered  charcoal.  After  the  last  of  these  opera- 
tions, the  mass  is  to  be  mixed  with  an  equal  weight  of  black 
flux,  and  the  cobalt  reduced.  The  metal  is  then  to  be  pul- 
verized, and  detonated  with  thrice  its  weight  of  dried  nitre. 
This  oxidizes  the  ircxi  to  its  maximum;  and  acidifies  the 
arsenic ;  which  last  unites  with  the  potassa.  Wash  off  the 
arseniate  of  potassa,  and  digest  the  residue  in  nitric  acid.  This 
will  take  up  the  oxide  of  cobalt,  and  leave  the  oxide  of  iron. 
Evqporate  to  dryness;  re-dissolve  in  nitric  acid;  filter  the 
solution ;  and  decompose  it  by  a  solution  of  potassa.  The 
oxide  of  cobalt,  now  obtained,  may  be  reduced  by  the  black 
flux,  as  before  directed.  Dr.  Thomson  obtains  the  metal 
more  summarily  by  the  decomposition  of  the  oxalate  of  co- 
balt.   (Ann.  of  Phil.  N.  S.  L  250.) 

Cobalt  has  a  greyish  white  colour,  inclining  somewhat 
to  pink.  Its  speciuSc  gravity  is  7.7 ;  it  is  brittle  and  easily  re- 
duced to  powder;  is  not  fbsiUe  with  a  leas  heat  than  ISO*  of 
Wedgewood;  and,  iriien  dowly  cooled^  may  be  obtained 
OTStaUifed  in  irregular  prisms.    It  is  maguetiCf  and  was 

*  TbonsoQ^t  Annals,  ii;  949. 
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found  by  Wenzel  to  be  convertible  into  a  magnet,  having  all 
the  prc^rties  of  the  magnetic  needle.  This  quality,  however, 
Mr.  Chenevix  imputes  to  its  contamination  with  a  small  quan- 
tity of  iron. 

II.  Oxides  ofcobali. — By  exposure  to  the  atmosphere  cobalt 
IB  tarnished,  but  not  oxidized  to  any  extent.  In  an  intense 
heat  it  bums  with  a  red  flame ;  but,  if  pure,  it  is  not  easily 
oxidized  by  a  moderate  temperature.  Its  oxide,  formed  by 
long  exposure  to  a  strong  heat  with  access  of  air,  is  of  a  deep 
blue,  approaching  to  black.  This,  from  the  experiments  of 
Thenard,  appears  to  be  the  protoxide,  which  may  be  obtained, 
also,  by  precipitating  the  nitrate  of  cobalt  with  potassa.  The 
precipitate,  which  at  first  is  a  bright  blpe  hydrate,  becomes 
when  dry  of  so  dark  a  blue  as  to  appear  black.  It  dissolves 
readily  in  muriatic  acid,  giving  a  solution  which  is  green 
when  concentrated,  and  red  when  diluted.  Its  solutions  in 
sulphuric  and  nitric  acids  are  always  red. 

When  this  oxide  is  exposed  to  the  atmosphere,  it  gradually 
absorbs  an  additional  quantity  of  oxygen ;  and  becomes  olive 
green.  Treated  with  muriatic  acid,  it  gives  chlorine  gas,  and 
a  red  solution  is  obtained.  This  olive  compound  Sir  H.  Davy 
suqiects  to  be  a  mixture  of  hydrate  and  oxide  of  cobalt,  and 
not  a  peculiar  oxide. 

When  nther  of  the  two  preceding  oxides  is  heated  in  the 
open  air,  it  passes  to  a  flea-brown  colour,  which  gradually  be* 
comes  black.  This  is  the  metal  oxidated  to  its  maximum. 
The  peroxide  dissolves  in  muriatic  acid,  with  a  copious  disen- 
gagement of  chlorine.  It  is  insoluble,  however,  in  sulphuric 
and  nitric  acids,  till  it  has  parted 'with  oxygen  enough,  to 
reduce  it  to  the  minimum  state.  It  is  incapable,  also^  of  being 
dissolved  in  pure  alkalis,  or  of  tinging  vitrifiable  mixtures 
blue. 

The  black  or  peroxide,  heated  for  half  an  hour  at  the 
bottom  of  a  cmdUe,  loses  a  part  of  its  oxygen,  and  is  re- 
duced to  the  state  of  protoxide.  The  protoxide  is  composed, 

Metsl.     Oz^on.       Mstal.   O&jfgsu. 

Aooording  to  Proust,  of*.  8SUS   ••le.S  •...  100..  19.8 

Rolho^  ....  IBM..  S1.44 ....  100. .  S7.S 

Thomson. 100«.88.5 

Brandt 100».Si.7 
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And  peroxide  of  cobalt. cpnsists, 

Meul.  Oxygen.       Metal.      Oxygen. 
According  to  Proust,  of  •  •  75  ..  25  ....  100  . .  83.25 
RolhoflF. 71   .  •  29 100  . .  40.85 

Rolhoff  ascertained  that  100  parts  of  peroxide  of  cobalt, 
exposed  to  a  strong  heat,  lose  from  9.5  to  9.9.*  Taking  the 
mean,  9.7,  we  have  100  of  the  peroxide  composed  of  9.7 
oxygen  +  90.3  protoxide,  the  oxygen  in  which,  according  to 
the  same  authority,  is  19.3.  Therefore  9.7  +  19.3  =  29,  is 
the  oxygen  in  100  of  the  peroxide;  or  100  of  the  metal  con- 
dense 40.85  oxygen.  Hence  the  peroxide  contains  1-^  times 
as  much  oxygen  as  the  protoxide.  Assuming  then  the  prot- 
oxide to  consist  of  1  atom  of  metal  +  1  atom  of  oxygen,  the 
equivalent  number  for  cobalt  will  be  very  nearly  SO }  for  the 
protoxide  38 ;  and  for  the  peroxide  42.  The  anomaly  of  the 
fractional  atom  in  the  peroxide,  may  be  got  over  by  doubling 
the  atom  of  cobalt,  and  considering  the  protoxide  as  1  metal 
+  2  oxygen,  and  the  peroxide  as  1  metal  -f  3  oxygen ;  but 
in  that  case  the  true  protoxide,  consisting  of  an  atom  of  each ' 
element,  must  be  supposed  to  be  unknown.  The  subject, 
indeed,  appears  to  require  further  elucidation  from  experi- 
ment. 

III.  Chloride  of  Cobalt. — Cobalt  takes  fire  when  introduced, 
in  a  finely  divided  state,  into  chlorine  gas;  but  the  compound 
has  not  been  examined.  Mr.  Brande,  from  the  analysis  of 
the  chloride  obtained  by  evaporating  muriate  of  cobalt,  infers 
that  100  of  chlorine  unite  with  91.1  of  cobalt;  but  this  would 
give  for  the  equivalent  of  that  metal  a  higher  number  (32.54) 
than  the  number  deducible  from  the  composition  of  the  oxide. 

IV.  Satis  of  Cobalt.— Sulphuric  acid  does  not  attack  cobalt 
unless  when  concentrated  and  heated ;  nor  does  it  readily  dis- 
splve  the  oxide.  They  may,  however,  be  brought  to  combine, 
and  the  result  is  a  salt  in  small  red  prismatic  crystals,  com* 
posed,  according  to  Dr.  Thomson,  of 

Sulphuric  acid 54.08  ....  100 

Protoxide  of  cobalt 45.92  ....     85 


100. 


♦  Aniialft  of  Phil,  iu;  3^6^^ 
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NilrtMnurhie  and  Nitrate  of  Cobali.-^The  best  solvents  of 
cobalt  are  the  nitrownuriatic  and  nitric  acids;  and  the  solu- 
tions have  the  property  of  forming  sympathetic  inks.  One 
part  of  cobalt,  or,  still  better,  of  zaffre,  may  be  digested,  in  ^ 
sand-heat,  for  some  hours,  with  four  parts  of  nitric  acid.  To 
the  solution,  add  one  part  of  muriate  of  soda ;  and  dilute  with 
four  parts  of  water.  Characters  written  with  this  solution  are 
illegible  when  cold ;  but  when  a  gentle  heat  is  applied,  they 
assume  a  beautiful  blue  or  green  colour.*  This  experiment  is 
rendered  more  amusing,  by  drawing  the  trunk  and  branches 
of  a  tree  in  the  ordinary  manner,  and  tracing  the  leaves  with 
a  solution  of  cobalt  The  tree  appears  leafless,  till  the  paper 
is  heated,  when  it  suddenly  becomes  covered  with  beautiful 
foliage. 

The  crystals  of  nitrate  of  cobalt,  are  small  prisms  of  a  red 
colour.  They  are  deliquescent  in  the  air,  and  decomposable  by 
heat,  leaving  a  deep  red  powder.  When  thrown  into  a  flask  full 
of  liquid  potassa,  they  are  immediately  decomposed.  A  blue 
precipitate  is  formedi  which,  if  the  flask  be  immediately  closed, 
passes  to  violet,  and  afterwards  to  red,  by  becoming  the 
hydrate  or  hydrated  oxide  of  cobalt.  This  compound  is  soluble 
in  cold  carbonate  of  potassa  and  tinges  it  red.  The  oxide  is 
not  soluble  in  this  liquid.  The  hydrate  .loses  from  20  to  21 
per  cent,  of  water  by  heat,  and  is  reduced  to  protoxide.  Solu- 
tions of  cobalt  are  precipitated  by  carbonated  alkalis,  at  first 
of  a  peach-flower  colour,  and  afterwards  of  a  lilac  hue. 

Phosphate  of  cobalt  is  formed  by  mixing  muriate  of  cobalt 
and  phosphate  of  soda,  A  lilac  precipitate  &lls,  which,  if 
mixed  with  eight  parts  of  fresh  precipitated  alumina,  and 
dried,  forms,  according  to  Tlienard,  a  blue  pigment  that  may 
be  substituted  for  ultra  marine. 

Oxalic  acid  throws  down  from  solutions  of  cobalt  a  rose 
coloured  precipitate ;  ferro-cyanate  of  potassa  one  of  a  grass 
green  colour ;  solution  of  borax  a  pink  compound ;  and  hydro^ 
iulphuret  of  ammonia  a  black  hydro-sulphuret  of  cobalt* 

*  For  some  ingenious  speculations  on  the  cause  of  these  phenomena, 
CMftult  Mr.  Hatchett's  paper  on  the  Caruithian  roolybdate  of  lead.  (PhU 
kMophicBi  Transaeuoas^  1706.) 

VOL.  II.  G 
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V.  Sulphuret. — Cobalt  may  be  brought  to  combine  directly 
with  sulphur  and  with  phosphorus ;  but  the  compounds  have 
no  peculiarly  interesting  properties.  The  sulphuret  is  com- 
posed, according  to  Proust,  who,  however,  does  not  place 
much  reliance  on  his  analysis,  of 

Cobalt  •  •  •  • 71 .5  ••••••••  100. 

Sulphur 28.5 39.8 

100. 

VI.  Alloys, — Cobalt  may  be  alloyed  with  most  of  the 
metals,  with  the  exception  of  bismuth  and  zinc ;  but  its  alloys 
have  not  yet  been  applied  to  any  useful  purpose. 

Cobalt,  when  oxidized,  is  the  basis  of  zaffre.  This  is 
generally  prepared  by  roasting,  from  the  ore,  its  volatile  in- 
gredients; and  mixing,  with  the  remainder,  three  parts  of 
sand,  or  calcined  flints.  Zaffre,  when  fused,  forms  a  blue 
glass;  which,  when  ground  and  washed,  is  the  substance 
termed  smalts,  used  as  a  colouring  substance  for  linen,  and 
for  imparting  a  blue  colour  to  glass.  These,  and  its  applica- 
tion in  the  manufacture  of  porcelain,  are  the  principal  uses  of 
cobalt  in  the  arts. 


SECTION  XXVllI. 

Titanium. 

I.  Titanium  is  obtained  from  a  mineral  discovered  in 
Hungary,  &c.,  called  red  schorl,  or  titanite;  and  it  is  found, 
also,  in  a  substance  from  Cornwall,  termed  menachanite ;  in 
octahedral  iron  ore  from  Corsica ;  and  in  the  specular  iron  ore 
of  Elba.  It  was  in  menachanite,  that  it  was  originally  dis- 
covered by  Mr.  Gregor  of  Cornwall ;  and  its  characters  have 
since  been  more  fully  investigated  by  Klaproth,  Vauquelin 
and  Hecht,  Lovitz,  and  Lampadius.  To  separate  it  from 
-titanite,  the  mineral  is  to  be  reduced  to  powder,  and  fused 
with  twice  its  weight  of  potassa.  When  the  fused  mass, 
after  cooling,  is  dissolved  in  water,  a  white  oxide  of  titanium 
remains.    To  free  it  from  iron,  Laugier  dissolved  this  oxide 
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in  muriatic  acid,  and  added  oxalic  acid,  which  separates  a 
white  flocculent  precipitate  of  oxalate  of  titanium.^  The 
oxalic  acid  in  this  may  be  destroyed  by  calcination. 

Menachanite  is  to  be  first  fused  with  potassa  in  a  similar 
manner ;  and  to  the  alkaline  solution,  muriatic  acid  is  to  be 
added.  This  dissolves  the  oxide  of  iron,  and  precipitates  the 
white  oxide  of  titanium,  still,  however,  contaminated  by  some 
iron. 

II.  The  oxide  of  titanium  fuses,  but  is  not  reduced  by  a 
powerful  Galvanic  battery.  It  is  reduced,  however,  by  ex- 
posure to  an  intense  heat,  moistened  with  oil,  and  surrounded 
by  powdered  charcoal.  A  blackish  blistered  substance  is  ob- 
rained,  some  points  of  which  have  a  reddish  colour.  Lam- 
padius  states  its  colour  to  be  tliat  of  copper,  but  deeper ;  and 
its  lustre  to  be  considerable.  It  is  brittle,  but  when  in  thin 
plates,  has  considerable  elasticity.  When  this  is  boiled  with 
nitric  acid,  no  remarkable  effect  ensues,  but  the  bright  spots 
disappear,  and  are  succeeded  by  a  white  compound.  Nitro- 
muriatic  acid  forms,  also,  a  white  powder,  which  remains 
suspended  in  it.  Sulphuric  acid  exhibits  a  similar  appearance ; 
sulphurous  acid  is  disengaged;  and  the  titanium  is  partly 
changed  to  a  white  oxide,  and  partly  dissolved.  Muriatic 
acid  dissolves  titanium,  but  not  its  oxide. 

III.  The  solutions  of  titanium  give  a  white  precipitate  with 
carbonates  of  alkali ;  a  grass  green,  mixed  with  brown,  with 
prussiate  of  potash ;  and  a  dirty  dark  green,  with  hydro-suU 
pharets.  Infusion  of  galls  precipitates  a  reddish  brown  sub- 
stance, which,  if  the  solution  be  concentrated,  has  the  appear- 
ance of  coagulated  blood.  A  rod  of  tin,  immersed  in  the 
solution,  imparts  to  the  liquid  around  it  a  fine  red  colour ; 
and  a  rod  of  zinc  a  deep  blue  one. 

IV.  Titanium  tarnishes  by  exposure  to  the  atmosphere,  and 
is  oxidized  when  heated  with  access  of  air.  It  is  susceptible 
of  three  stages  of  oxidizement.  The  first  oxide  is  blue  or 
purple,  the  second  red,  and  the  third  white.  The  white  oxide 
is  the  only  one,  with  the  composition  of  which  we  are  accu 
rately  acquainted.     It  has  been  shown,  by  Vaiiquelin  and 


*  80  Aon.  de  Chim.S06. 
o  2 
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Hechti  to  consist  of  89  parts  of  the  red  oxide  and  11  parts  of 
oxygen. 

•  Mr.  Rose  of  Stockholm  has  attempted  to  analyze  oxide  of 
titanium  by  converting  it  into  a  sulphuret  Passing  sulphuret 
of  carbon  over  the  oxide  ignited  in  a  porcelain  tube,  he  ob- 
tained a  greyish  yellow  mass  bordering  on  green.  From  the 
analysis  of  this  compound,  he  deduces  that  the  oxide  of  titanium 
contains  33.93  hundredths  of  its  weight  of  oxygen.  The  oxide» 
he  observes,  does  not  possess  any  of  the  characters  of  a  salifiable 
base.  It  dissolves  in  water,  reddens  vegetable  blues,  and 
expels  carbonic  acid  from  carbonates.  (Quarterly  Journal,  xiii. 
226.)  In  these  qualities,  it  approaches  to  the  nature  of  an 
acid.  In  the  present  state  of  our  knowledge  of  titanium,  it 
would  be  premature  to  attempt  to  deduce  its  equivalent. 

V.  Titanium  appears  to  be  incapable  of  uniting  directly 
with  sulphur ;  but  Mr.  Chenevix  has  succeeded  in  combining 
it  with  phosphorus. 

The  only  alloy  of  any  consequence,  which  it  forms,  is  with 
iron.  It  is  of  a  grey  colour,  interspersed  with  brilliant  parti- 
cles, and  is  quite  infusible. 


SECTION  XXIX. 
Bismuik. 

Bismuth  has  a  reddish  white  colour,  and  is  composed  of 
broad  brilliant  plates  adhering  to  each  other.  Its  specific 
gravity  is  9.822,  but  is  increased  by  hammering.  It  breaks, 
however,  under  the  hammer,  and  hence  cannot  be  considered 
as  malleable ;  nor  can  it  be  drawn  out  into  wire.  The  bis« 
moth  of  commerce  is  not  quite  pure.  To  purify  it,  Dr.  Thom- 
son dissolved  it  in  nitric  acid,  decomposed  the  nitrate  by  water, 
edulcorated  the  oxide,  and  reduced  it  to  a  metallic  state  by 
heating  it  in  a  covered  crucible  with  black  flux.  (Ann.  of 
Phil.  N.&  ii.  122.) 

I.  Bismuth  is  one  of  the  most  fusible  metals,  melting  at 
476^  Fahrenheit ;  and  it  forms,  more  readily  than  most  other 
metals,  distinct  crystals  by  slow  cooling.     M.  Chaudet  has 
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shown  that  thoogh  covered  with  charcoal,  it  may  be  com- 
pletely volatilized,  if  kept  for  a  sufficient  time  at  a  temperature 
of  about  SO'^  Wedgewood. 

II.  Oxide. — When  kept  melted  at  a  moderate  heat,  it  be- 
comes covered  with  an  oxide  of  a  greenish  grey  or  brown 
colour.  In  a  more  violent  heat  bismuth  is  volatile,  and  may  be 
sublimed  in  close  vessels;  but,  with  the  access  of  air,  it  emits  a 
blue  flame,  and  its  oxide  exhales  in  the  form  of  a  yellowish 
smoke,  condensiblc  by  cold  bodies.  This  oxide  is  very  fusi- 
ble ;  and  is  convertible,  by  heat,  into  a  yellow  transparent 
glass.  It  is  the  only  oxide  of  bismuth  with  which  we  are 
acquainted;  and  consists,  according  to  the  experiments  of 
Lagerhjelm,*  of 

Bismuth 89.863 100 71 

Oxygen 10.137 11.28......    8 

100.  79 

From  this  result,  which  makes  the  equivalent  number  of 
bismuth  7I9  and  that  of  the  oxide  79,  Dr.  Thomson's  estimate, 
founded  on  his  own  experiments,  does  not  materially  difien 

III.  Chloride  of  Bismuih.^^The  solution  of  bismuth  in  mu« 
riatic  acid,  being  deprived  of  water  by  evaporation,  yields  a 
salt  which  is  capable  of  being  sublimed,  and  which  deliquesces 
into  what  has  been  called  butter  of  bismuth.  A  similar  product 
is  obtained  by  introducing  finely  divided  bismuth  into  chlorine 
gas,  when  the  metal  takes  fire  and  burns  with  a  pale  blue  light. 
This  compound  is  the  only  known  chloride  of  bismuth.  It 
was  analyzed  by  Dr.  Davy,  and  found  to  contain 

Bismuth 66.^   100 

Chlorine 33.6    50.6 

100. 

From  this  analysis,  the  equivalent  of  bismuth,  also,  appears 
to  be  71,  agreeing  with  the  number  derived  from  the  oxide. 

IV.  Iodide  of  bismuth  may  be  formed  by  heating  that  me- 

*  4  Thomson's  Ann{^lS|  357-  . 
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tal  with  iodine.  It  is  of  an  orange  colour  and  insoluble  in 
water.  With  hydriodic  acid,  or  hydriodate  of  potassa,  nitrate 
of  bismuth  affords  a  deep  chocolate  coloured  precipitate. 

V.  Sails  of  Bismtiih.-^Sulphuric  acid  acts  when  hot  and 
concentrated  on  bismuth^  and  sulphurous  acid  is  disengaged. 
A  part  of  the  bismuth  is  dissolved ;  and  the  remainder  is 
changed  into  an  insoluble  oxide.  The  sulphate^  on'  the  au- 
thority of  Lagerhjelm,  is  stated  to  consist  of 

Oxide  of  bismuth G6.353 ....  100 79 

Sulphuric  acid 33.647 ....    50.71 ....  4-0 


100.  119 

Besides  the  neutral  sulphate,  Berzelius  describes  a  sub-sul- 
phate consisting  of 

Atomsi> 
Oxide  of  bismuth 85.5 100 3 

Sulphuric  acid 14.5 17 1 

100. 

Nitric  acid  dissolves  bismuth  with  great  rapidity.  To 
one  part  and  a  half  of  nitric  acid,  add,  at  distant  intervals, 
one  of  bismuth,  broken  into  small  pieces,  llie  solution  is 
crystallizable  in  small  four-sided  prisms.  It  is  decomposed 
when  added  to  water ;  and  a  white  substance  is  precipitated, 
which  is  the  pigment  called  magistery  of  bismuth,  or  pearlr- 
white.  This  compound  consists  of  hydrated  oxide  of  bismuth 
with  a  small  proportion  of  nitric  acid ;  and  the  supernatant 
liquid  contains  a  solution  of  bismuth  with  great  excess  of  acid. 
The  precipitate  is  soluble  to  a  considerable  extent  in  pure  am- 
monia, but  not  so  much  so  in  pure  fixed  alkalis.  It  is  liable 
to  be  turned  black  by  sulphureted  hydrogen,  and  by  the  vapours 
of  putrefying  substances  in  general.  It  is  employed  in  medi- 
cine as  a  tonic,  under  the  name  of  oxide  of  bismuth, 

tVith  tartaric  acid,  bismuth  forms  an  insoluble  salt;  but 
if  this  compound  be  boiled  with  tartrate  of  soda,  or  if  super- 
tartrate  of  soda  be  boiled  with  oxide  of  bismuth,  a  solution  is 
obtained  which  is  perfectly  neutral,  and  holds  much  bismuth 
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in  combination.  This  solution  is  not  precipitated,  cither  by 
alkalis  or  alkaline  carbonates,  but  is  decomposed  by  hydro- 
sulphuret  of  ammonia.  When  evaporated,  it  becomes  adhe- 
sive like  gum.  Tartrate  of  bismuth  and  tartrate  of  potassa, 
also,  form  a  soluble  and  neutral  triple  salt. 

Bismuth  may  be  made  the  basis  of  a  sympathetic  ink.  The 
acid,  employed  for  this  purpose,  must  be  one  that  does  not 
act  on  paper,  such  as  the  acetic.  Cliaracters,  written  with  this 
solution,  become  black  when  exposed  to  sulphureted  hydro- 
gen. 

VI.  Sulphuret. — Bismuth  combines  with  sulphur,  and  forms 
a  bluish  grey  sulphuret,  having  a  metallic  lustre,  which  is, 
also,  found  native.  Lagerhjelm  has  analyzed  it,  and  found  it 
to  consist  of 

Bismuth 81.619 100 71 

Sulphur 18.881 22.52 16 

100.  87 

VII.  Mloys, — Bismuth  is  capable  of  being  alloyed  with 
most  of  the  metals,  and  forms  with  some  of  them  compounds 
of  remarkable  fusibility.     One  of  these  is  Sir  Isaac  Newton's 

fusible  metal.  It  consists  of  eight  parts  of  bismuth,  five  of 
lead,  and  three  of  tin.  When  thrown  into  water,  it  melts 
before  *the  water  is  heated  to  the  boiling  point.  It  is  from 
this  property  of  forming  fusible  alloys,  that  bismuth  enters 
into  the  composition  of  several  of  the  soft  solders^  which,  in- 
deed, is  its  principal  use  in  the  arts. 

Bismuth  has  the  singular  property  of  depriving  gold  of  its 
ductility;  even  when  combined  with  it  in  very  minute  pro- 
portion. This  effect  is  produced  by  merely  keeping  gold  in 
fusion  near  melted  bismuth.  It  has,  nevertheless,  been  em- 
ployed by  Chaudet  in  cupellation.  (Ann.  de  Chim.  et  Phys. 
viii.  118.) 
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SECTION  XXX. 

Copper. 

Copper^  according  to  Berzelius,  as  it  ia  found  in  com- 
merce, IB  always  contaminated  with  a  little  charcoal  and  sul- 
phur, amounting  to  about  one  half  of  a  grain  in  100  grains. 
Lead,  antimony,  and  arsenic,  are  also  occasionally  found  in  it* 
To  fit  it  for  purposes  of  accuracy,  it  may  be  dissolved  in 
strong  muriatic  acid ;  and,  after  adding  water,  may  be  pre- 
cipitated from  the  solution  by  a  polished  plate  of  iron.  The 
metal  thus  obtained,  should  be  washed,  first  with  diluted 
muriatic  acid,  and  then  with  water,  and  may  either  be  fused, 
or  kept  in  a  divided  form. 

Copper  is  a  metal  of  a  beautiful  red  colour,  and  admits  of  a 
considerable  degree  of  lustre.  Its  specific  gravity  varies,  with 
the  operations  to  which  it  has  been  subjected.  Lewis  states 
it  at  8.830;  Mr.  Hatchett  found  that  of  the  finest  granulated 
Swedish  copper  to  be  8.895 ;  and  Cronstedt  states  the  specific 
gravity  of  Japan  copper,  at  9,  while  Dr.  Thomson,  from  his 
own  experiments,  makes  it  only  8.434?. 

Copper  has  considerable  malleability,  and  may  bo  hammered 
into  very  thin  leaves.  It  is,  also,  very  ductile;  and  may  be 
drawn  into  wire,  which  has  great  tenacity. 

At  27°  Wedgewood,  copper  fuses,  and  by  a  sufficient  in- 
crease and  continuance  of  the  beat,  it  evaporates  in  visible 
fumes. 

I.  Oxides  of  Copper. — 1.  Copper  is  oxidized  by  air.  This 
may  be  shown  by  heating  one  end  of  a  polished  bar  of  copper, 
which  will  exhibit  various  shades  of  colour,  according  to  the 
intensity  of  the  heat. 

A  plate  of  copper,  exposed  for  some  time  to  heat,  becomes 
covered  with  an  oxide,  which  breaks  off'  in  scales  when  the 
copper  is  hammered.  It  is  composed  of  62  of  the  black 
oxide  and  38  copper.  This  imperfect  oxide,  when  exposed 
on  a  muffle,  is  further  oxidized,  and  assumes  a  deep  red  hue. 

*  47  Phil,  Mag.  20C. 
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Copper  is  also  oxidized  by  long  exposure  to  a  bomid  atmo- 
sphere, and  assumes  a  green  colour ;  but  the  green  compound 
holds  carbonic  acid  in  combination.  The  oxides  of  copper  do 
not  return  to  a  metallic  state  by  the  mere  application  of  heat; 
but  require,  for  their  reduction,  the  admixture  of  inflammable 
matter. 

2.  Copper  does  not  decompose  water,  which  may  even  be 
transmitted,  in  vapour,  through  a  red  hot  tube  of  this  metal* 
without  decomposition. 

3.  Copper  is  susceptible  of  only  two  degrees  of  oxidize- 
ment ;  in  its  lower  stage  the  compound  is  red ;  when  oxidated 
to  the  maximum,  it  is  black. 

The  black  or  peroxide  may  be  obtained,  either  by  calcining 
the  scales  of  copper,  which  have  already  been  alluded  to, 
under  a  muffle;  or  by  decomposing  nitrate  of  copper  by 
carbonate  of  potassa,  and  igniting  the  precipitate ;  or  by  the 
simple  ignition  of  the  nitrate.  It  is  composed,  according  to 
Proust,  of 

Copper 80   •#.•••  100 

Oxygen 20   25 

100 

Berzelius,  after  examining  the  composition  of  this  oxide, 
proposes  only  a  very  small  change  in  the  statement  of  Proust, 
viz.  that  100  parts  of  copper  unite  with  25.272  oxygen  to  form 
the  peroxide.  (An.  de  Cb.  et  Phys.  xvii.  26.) 

When  to  a  solution  of  the  nitrate,  or  of  almost  any  other 
salt  of  copper,  a  solution  of  potassa  is  added,  a  blue  precipi- 
tate appears,  which  is  a  combination  of  peroxide  of  copper 
with  water,  or  a  hydrated  peroxide  of  copper.  Collected  on  a 
filter  and  dried  at  a  very  moderate  heat,  it  shrinks  like  alu- 
mina, but  still  retains  its  colour.  At  a  higher  temperature^ 
the  water  is  expelled,  and  about  75  parts  of  peroxide  of  cop- 
per are  left  by  every  100.  It  is,  probably,  therefore,  a  com* 
pound  of  1  atom  of  peroxide  with  3  atoms  of  water. 

To  prepare  the  protoxide  of  copper^  Mr.  Chenevix  recom- 
mends the  following  process.  Mix  together  574-  parts  of 
peroxide  of  copper,  and  50  parts  of  metallic  copper  preci- 
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pitatcd  from  the  sulphate  on  an  iron  plate.  Triturate  in  a 
mortar,  and  put  the  mixture,  with  400  parts  of  muriatic  acid, 
into  a  phial,  which  is  to  be  well  stopped.  The  copper  and  its 
oxide  will  be  dissolved  with  heat.  .  When  potassa  is  poured 
into  this  solution,  the  oxide  (or  rather  hydrated  protoxide)  of 
copper  is  precipitated  of  an  orange  colour.  This  oxide,  when 
deprived  of  water,  becomes  red;  but  it  attracts  oxygen  so 
strongly,  that  it  can  scarcely  be  dried  without  absorbing  more. 
It  is  composed  of 

Copper 88.89 100. 

Oxygen 1 1.11  •••...     12.5 


100. 

The  equivalent  number  of  copper,  deducible  from  the  com- 
position of  the  protoxide,  is  therefore  64,  for  12.5 :  100 ::  8  :  64 ; 
and  the  two  oxides  of  copper  must  be  constituted  as  fol- 
lows: 

Protoxide,  1  atom  of  copper  =  64  +  1  atom  of  oxygen. 
Peroxide,    1  atom  of  copper  =64  +  2  atoms  of  oxygen. 

The  first  therefore  will  be  represented  by  72,  and  the  per- 
oxide by  80. 

II.  Chlorides  of  Copper. — By  the  combustion  of  copper  in 
chlorine  gas,  two  compounds  are  produced  at  the  same  time, 
one  of  which  is  a  fixed  easily  fusible  substance,  resembling 
common  rosin,  and  called  by  Boyle,  who  has  described  it, 
rosin  of  copper.  It  may  be  procured,  also,  by  carefully  eva- 
porating and  fusing  the  protomuriatc ;  and  it  remains  in  the 
retort,  after  distilling  a  mixture  of  two  parts  of  corrosive  sub- 
limate and  one  of  copper  filings.  It  is  insoluble  in  water, 
but  soluble  in  muriatic  acid.  Its  colour  is  generally  dark 
brown,  but  if  exposed  to  the  air  it  becomes  green,  or  if  fused 
and  slowly  cooled,  yellow  and  semi-transparent.  It  consists 
of 

Copper 64 100 

Chlorine SB 56 

100, 
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Being  constituted  of  an  atom  of  each  of  its  elements,  it  may . 
be  called  the  prolochloride  of  copper.     In  this  instance,  pre- 
cisely the  same  equivalent  for  copper  is  deducible  from  the 
proto-cbloride^  as  from  the  protoxide. 

The  perchloride  of  copper  may  be  formed  by  evaporating 
the  solution  of  peroxide  in  muriatic  acid,  at  a  heat  below 
40()^  Fahr.  Its  colour  is  yellow,  but,  when  dissolved  in  water, 
which  readily  acts  upon  it,  it  affords  a  gre^i  solution,  iden- 
tical with  the  permuriate.     It  consists  of 

Copper 60 47 100 

Chlorine  ....  67 53 112 

127  100 

III.  Salts  of  Copper.— Corresponding  with  the  two  chlo- 
rides of  copper,  we  have  also  a  prolomuriale  and  permuriate. 
The  latter  is  obtained  by  dissolving  peroxide  of  copper  in  mu- 
riatic acid.  By  careful  evaporation  and  cooling,  the  permu- 
riate crystallizes  in  rhomboidal  prismnlic  parallelopipeds, 
which  are  deliquescent  and  readily  soluble  both  in  water  and 
alcohol.     It  b  composed,  according  to  Proust,  of 

Peroxide  of  copper 40 

Muriatic  acid    24 

Water ^6 

100 

Excluding  water,  Berzelius  states  its  composition  to  be 
59.8  base  +  40.2  acid.  But  these  statements,  besides  being 
at  variance  with  each  other,  are  neither  of  them  consistent 
with  theory,  which  would  require  the  permuriate  to  consist  of 
2  atoms  of  muriatic  acid  =  74,  and  one  atom  of  peroxide  of 
copper  =  80.  One  hundred  pai*ts,  therefore,  should  consist 
of  48  acid  +  52  base.  The  salt,  in  fact,  appears  to  be  a  bu 
permuriate. 

Plates  of  copper,  exposed  to  the  vapour  of  muriatic  acid-, 
become  covered  with  an  insoluble  coating  of  a  green  powder, 
which  is,  most  probably,  a  true  muriate^  or  compound  of  1 
atom  of  base  +  1  atom  of  acid.  It  dissolves  readily  in  muriatic 
acid,  and  by  the  addition  of  alkalis  yield  peroxide  of  copper. 
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By  digesting  a  solution  of  permuriate  of  copper  with  filings 
of  that  metali  it  is  converted  into  a,  muriate  of  protoxide  or 
protomuriatej  the  fresh  portion  of  copper  being  oxidized  at  the 
expence  of  that  which  was  held  in  solution.  This  salt  is  de- 
composed by  merely  pouring  it  into  water.  Alkalis  throw 
down  an  orange  coloured  precipitate.  It  consists,  according 
to  Proust,  of 

Copper 65.80  /    forming  \  ^ 

Oxygen 8.08  I  protoxide  J  ^^'^^ 

Muriatic  acid     •...., 26.12 


100. 


The  native  green  copper  sand  of  Chili  and  Peru  has  been 
analyssed  by  Dr.  John  Davy,  and  found  to  be  a  compound  of 

Peroxide  of  copper .  • 73 

Muriatic  acid 16.2 

Water 10.8 


100. 


Neither  of  the  two  last  compounds  exactly  agrees  with  the 
law  of  atomic  proportions;  but  the  green  sand  approaches 
nearly  to  a  submuriatej  consisting  of  one  atom  muriatic  acid 
H-  2  atoms  of  peroxide,  +  3  atoms  of  water. 

Chlorate  of  copper  was  formed  by  Vauquelin,  by  dissolving 
peroxide  of  copper  in  chloric  acid.  It  is  a  bluish  green  salt, 
deliquescent,  and  difficultly  crystallizable. 

lodate  of  copper  is  an  insoluble  substance.  It  is  precipitated 
from  solutions  of  copper  by  alkaline  iodates. 

Nitrate  ^' Copper.— Copper  readily  dissolves  in  nitric  acid 
diluted  with  two  or  three  parts  of  water,  and  nitrous  gas,  hold- 
ing a  little  copper  in  solution,  is  evolved  in  great  abundance. 
The  solution  at  first  is  green  and  muddy,  but  by  degrees  it  be* 
comes  transparent  and  blue,  and  gives  prismatic  crystals  of  a 
fine  blue  colour,  consisting,  exclusive  of  water,  of 

Peroxide 42.61 

Nitric  acid   57.39 

100 
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Nitrate  of  copper  is  partly  but  not  entirely  decomposed  by 
alkaline  carbonates ;  for,  after  their  full  effect,  Berzelius  found 
that  a  precipitate  is  still  occasioned  by  adding  water  impreg- 
nated with  sulphureted  hydrogen. 

A  suh-nitrate  of  copper  is  also  described  by  Berzelius  (82 
Ann.  de  Ch.  250.)  It  may  be  obtained,  either  by  adding  a 
small  portion  of  potassa  or  ammonia  to  the  solution  of  the  ni- 
trate, or  by  heating  the  dry  salt  gently.     It  consists  of 

Peroxide  of  copper •  •  Q6 

Nitric  acid 18.9 

Water 15.1 

100. 

These  proportions  are  not  veiy  remote  from  1  atofa  of 
acid,  +  4  atoms  of  peroxide,  +  8  of  water.  / 

Ammoniurel  of  Ccfpper.— If  ammonia  be  added  in  excess  to 
nitrate  of  copper,  the  precipitate,  which  is  first  formed,  is  re- 
dissolved.  On  this  property  depends  the  method  of  separating 
oxide  of  copper  from  other  metallic  oxides,  those  of  iron  for 
instance,  which  are  not  soluble  by  ammonia. 

Peroxide  of  copper,  digested  in  ammonia,  forms  a  bright 
blue  liquid,  from  which,  by  careful  evaporation,  fine  bine  crys* 
tals  may  be  obtained,  called  ammoniuret  of  copper.  Protox- 
ide of  copper  also  dissolves  in  ammonia,  and  yields  a  colour- 
less solution,  which  becomes  blue  by  exposure  to  the  air,  in 
consequence  of  the  absorption  of  oxygen. 

SulpIuUes. — Copper  combines  with  strong  sulphuric  acid,  at 
a  boiling  heat,  and  aifords  a  blue  salt,  called  sulphate  of  copper. 
In  this  process,  part  of  the  sulphuric  acid  is  decomposed,  and 
furnishes  oxygen  to  the  metal  which  is  dissolved.  It  is,  there- 
fore, better^  in  preparing  sulphate  of  copper,  to  use  the  oxide 
obtained  by  calcining  copper  scales  with  free  access  of  air. 
(a)  Sulphate  of  copper  is  a  regularly  crystallized  salt,  soluble 
in  four  parts  of  water  at  60°.  {b)  The  solution  is  decomposed 
by  pure  and  carbonated  alkalis.  The  former,  however,  re- 
dissolve  the  precipitate.  Thus,  on  adding  pure  liquid  am- 
monia to  a  solution  of  sulphate  of  copper,  a  precipitate  ap- 
pears, which,  on  a  farther  addition  of  the  alkali,  is  re-dissolved, 
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and  aflbrcia  a  beautiful  bright  blue  solution,  (c)  The  sulphate 
of  copper  is  decomposed  by  iron.  In  a  solution  of  this  salt 
immerse  a  polished  plate  of  iron.  The  iron  will  soon  acquire 
a  covering  of  metallic  copper,  (d)  It  gives  up  its  acid  on  the 
application  of  heat,  without  decomposition ;  and  an  oxide  of 
copper  remains  in  the  retort,  (e)  It  is  composed,  according 
to  Proust,  with  whose  analysis  a  recent  one  by  Dr.  Thomson 
exactly  agrees,  of 

Copper  25.6  f    forming    ^  ^^ 

Oxygen  6.4  \bkck  oxide/ ^^  . .  or    I  atom    =  80 

Sulphuric  acid 32  • .  or    2  atoms  =  80 

Water 36  . .  or  10  atoms  =  90 

100  250 

Exclusive  of  water  of  crystallization,  Berzelius,*  from  his 
own  analysis,  states  its  composition  at 

Peroxide  of  copper  .  50.90  . .  103.66  . .  1  atom   80 
Sulphuric  acid  ....  49.10  . .  100.       . .  2  atoms  80 

100.  160 

Strictly  speaking,  therefore,  this  salt  is  a  hUsidphaley  a  name 

which  sufficiently  designates  it,  and  is  preferable  to  that  of  li- 

persulphate. 

Proust  described  a  subsulphaie  of  copper,  formed  by  adding 

solution  of  potassa  to  a  solution  of  the  above  sulphate.     Ber- 

zelius  prepared  it  by  the  cautious  addition  of  ammonia^  and 

found  it,  on  analysis,  to  be  composed  of 

Peroxide  of  copper .  • . .  80  •  •  •  •  100  •  •  2  atoms 
Sulphuric  acid 20  ... .    25  • .  1  atom. 

100 

Including  its  water  of  composition,  the  subsulpbate-  con- 
sists of 

Sulphuric  acid 21.28 

Peroxide  of  copper 64.22 

Water 14.50 

100. 
•  T7  Ann.  de  C:  im, 
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Dr.  Thomson  has  described,  also,  a  quadn^sulpliaie  con- 
sisting of  i  atom  of  base,  +  4  atoms  of  acid.  (Ann.  of  Phil. 
N.S.  1.244.) 

No  sulphate  of  the  protoxide  is  yet  known ;  for  when  sul- 
phuric acid  is  brought  into  contact  with  the  protoxide,  one 
half  of  the  oxide  gives  up  its  oxygen  to  the  other  halt,  which 
thus  becomes  peroxide,  and  unites  with  the  sulphuric  acid. 

Sulphite  of  copper  may  be  obtained  by  transmitting  a  cur« 
rent  of  sulphurous  acid  gas  (which  has  been  first  passed 
through  a  small  quantity  of  water,  in  order  to  deprive  it  of 
sulphuric  acid)  into  a  vessel  containing  water  and  peroxide  of 
copper.  A  green  liquid  is  formed,  which  contains  sulphite 
of  copper,  with  a  large  excess  of  acid ;  and  sulphite  of  copper, 
in  very  small  red  crystals,  remains  at  the  bottom  of  the  vessel. 
This  salt  has  been  investigated  by  Chevreul,*  and  found  to 
consist  of 

Protoxide  of  copper 63.84 

Sulphurous  acid 86.16 

100. 

Copper  exposed  to  a  damp  air  rusts,  and  becomes  covered 
y»\th  carbonate  of  copper.  The  same  compound  is  still  more 
readily  produced  by  adding  carbonated  alkalis  to  the  solu- 
tions of  copper.  The  nitrate  of  copper,  precipitated  by  car- 
bonate of  lime,  affords  a  blue  precipitate,  called  Ferditer.  This 
substance  is  nearly  allied  to  the  native  blue  carbonate  in  the 
nature  and  proportion  of  its  ingredients.     Verditer  consists  of 

Water 5.9 

Carbonic  acid • • 24.1 

Peroxide  of  copper  • . . .  • 67.6 

Moisture  and  impurities 2.4 

lfl0.t 

Berzelitts  observes  that  sub- carbonate  of  copper  differs 
greatly  in  appearance,  when  precipitated  from  a  cold  and  from 
a  hot  solution.     In  the  latter  case,  its  colour  is  yellbwifth 

•  88  Ann.  de  Ghhn.  181.  t  Qawterly  Journal,  iv.  379. 
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green ;  in  the  former,  it  is  bluish  green^  and  much  more 
bulky.    It  is  composed  of 

Peroxide  of  copper  . .  71.7    •  • .  •  1  atom  •  •  80 

Carbonic  acid 19.7    • . . .  1  atom  •  •  22 

Water  .  • 8.6    ....  1  atom  . .     9 

100.  Ill 

From  the  analysis  of  Mr.  R.  Phillips^  this  appears,  also,  to 
be  very  nearly  the  composition  of  the  native  green  carbonate 
of  copper  (malachite)  which  he  found  to  consist  of  72.2  per- 
oxide, 18.5  acid,  and  9.3  water. 

Phosphoric  acid  unites  with  peroxide  of  copper  in  two  pro- 
portions. If  solutions  of  phosphate  of  soda  and  sulphate  of 
copper  be  mingled  together,  a  bluish  green  precipitate  is 
formed,  consisting  of 

1  atom  of  peroxide  of  copper ....  80 55.35 

2  atoms  of  phosphoric  acid 56   38.40 

1  atom  of  water 9   6.25 

145  lOQ. 

It  is  therefore  a  lirphosphate.  The  phosphate  has  not  yet  been 
formed  artificially,  but  it  has  been  found  native  in  a  white 
quartz  rock.*  It  is  of  an  emerald  green  colour,  and  is  not 
crystallized.  Its  analysu  afforded  results  very  nearly  agreeing 
with 

1  atom  of  peroxide  of  copper ....  80    ....••  63.59 

1  atom  of  phosphoric  acid 28    22.03 

2  atoms  of  water 18    14.38 

126  100. 

When  corroded  by  long  continued  exposure  to  the  fumes  of 
acetic  acidj  copper  is  converted  into  verdegris. — The  verdegris 
of  commerce  is  composed  partly  of  a  salt,  soluble  in  water,  and 
partly  of  a  light  green  powder,  which  is  not  soluble  in  water. 
3y  the  solution  of  verdegris  in  distilled  vinegar  and  evapora- 


•  Aaa.  pf  Phil.  N.S.  iii.  182. 
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tion,  a  salt  is  obtained  in  regular  crystals.  These  crystals 
have  been  analyzed  by  Mr.  Richard  Phillips,  and  shown  to 
consist  of 

2  atoms  of  acetic  acid  •  •  50  x  2  =  100 
1  atom  of  peroxide  of  copper . . . .  =  80 
S  atoms  of  water 9x3=    27 

207 


or,  of 


Acid 50.11    100. 

Base 87.77    75.37 

Water  .; 12.12 


100. 

A  previous  analysis  by  Dr.  Ure  had  already  given  the  same 
results,  except  in  assigning  two  atoms  only  of  water,  and 
a  different  equivalent  for  acetic  acid.  Both  concur  in  showing 
that  the  salt  is  strictly  a  linacetate^  and  by  that  name  it  is 
proper  to  designate  it.     (Ann.  of  Phil.  N.S.  i.  418,  ii.  21). 

Binacetate  of  copper  forms  large  and  beautiful  crystals.  It 
is  soluble  in  20  parts  of  water  at  60°,  or  in  five  parts  at  212®. 
When  distilled  per  se,  it  yields  concentrated  acetic  acid,  which 
may  be  purified  by  a  second  distillation  ;  and  in  the  retort  a 
compound  is  left  of  charcoal  and  oxide  of  copper,  which  some- 
times kindles  spontaneously  like  pyrophorus.  When  this  sub- 
stance is  calcined  with  free  access  of  air,  it  becomes  peroxide. 

Verdegrisj  from  the  recent  experiments  of  Mr.  Phillips,* 
appears  to  consist  essentially  of  very  minute  blue  crystals 
which  are  composed  of 

Acetic  acid  •  •  •  •  28.30   .  •  •  •  1  atom    •  •  •  •  50 

Peroxide 48.25    .  •  •  •  1  atom    ....  80 

Water 28.45    • .  • .  6  atoms  ....  54 


100.  184 

In  verdegris,  when  dried  for  sale,  the  same  relative  propor- 
tion of  acid  and  base  exist,  but  the  water  is  reduced  to  25 

•  Ann.  of  Phil.  N.  S.  iv.  161. 
VOL.  II.  H 
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parts,  or  a  little  more^  in  100 ;  and  there  is  a  quantity  of  inso- 
luble impurity  varying  from  0^  to  2  per  cent. 

The  blue  crystals,  found  in  verdegris,  are,  therefore,  a  true 
acetate  of  copper,  consisting  of  an  atom  of  acid  +  1  atom  of 
peroxide.  When  acted  upon  by  water,  they  are  decomposed ; 
a  green  insoluble  powder  is  obtained,  which  is  a  real  suhace- 
tate,  constituted  of  1  atom  of  acid  +  2  of  peroxide.  The 
blue  solution  contains  a  binacetate.  Three  distinct  com- 
pounds, therefore,  exist  of  acetic  acid  and  peroxide  of  copper, 
the  subacetate,  acetate,  and  binacetate. 

The  subacetate  constituted  of  1  atom  acid  +  2  base, 

acetate 1  atom  acid  +  1  base, 

binacetate    •  • 2  atoms  acid  +  1  base. 

When  the  muriate  of  copper  is  mixed  with  a  solution  of 
ferro-cyanate  of  potassa  or  of  lime^  a  beautiful  reddish  brown 
precipitate  of  ferro-cyanate  of  copper  is  obtained,  which  has 
been  recommended  by  Mr.  Hatchett  as  a  pigment  Tincture 
of  galls  throws  down,  from  all  the  solutions  of  copper,  a  dull 
yellow  precipitate. 

IV.  Sulphuret.  —  Copper  combines  with  sulphur  in  two 
proportions.  When  a  mixture  of  three  parts  of  the  metal,  in 
the  state  of  fine  filings,  with  one  part  of  sulphur^  is  melted  in  a 
glass  tube,  at  the  moment  of  combination,  a  brilliant  inflam- 
mation ensues,  exceeding  in  brightness  that  produced  by  the 
fusion  of  iron  and  sulphur. 

Copper  leaf,  Berzelius  observes,*  buntt  in  gaseous  sulphur, 
as  brilliantly  as  iron  wire  in  oxygen  gas.  A  compound  is 
formed,  precisely  analogous  to  the  native  black  sulphuret  of 
copper,  or  copper-glance.  It  is  SLproto-sulphnret,  and  consists 
of 

Copper   ....  80   ....  100,  or  1  atom  =  64 
Sulphur  ....  20   ... .    25,  or  1  atom  =  16 

100  125  80 

•  79  Ann.  de  Chim.  350.  See  adso  Vauqueiin  on  the  Artificial  Sulphuret 
of  Copper,  Izzx.  365.  Berzelius  states  that  100  metai  combine  witli  35.6 
sulphur. 
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Beside  this,  th^e  is  also  a  per-svlpkuret  or  bi-sulphuret^ 
which  forms  the  principal  ingredient  of  yellow  copper  pyrites. 
It  ccxisists  of 

Copper  ....  esse  ....  100,  or  1  atom    =  64 
Su^hur  .  .  •  SS.34  ....    50,  or  2  atoms  =  32 

100.  96 

V.  Cbpper  unites,  by  fusion,  with  phosphorus.  The  phos- 
phuret  is  white,  britde,  and  of  the  specific  gravity  7.1 2f  •  The 
analysis  of  Pelletier  gives  20  of  phosphorus  to  100  metal,  which 
nearly  agrees  with  1  atom  of  phosphorus,  +  1  atom  of  cop- 
per. 

VI.  Alloys. — Copper  combines  readily  with  most  of  the 
metals,  and  affords  several  compounds,  which  are  of  great  use 
in  the  common  arts  of  life.  Chinese  iutenagj  is  a  white  alloy 
of  copper,  zinc,  iron,  and  nickel,  obtained  probably  from  a 
compound  ore  of  those  metals.  (Edinb.  Phil.  Journ.vii.  70.) 
Copper,  with  about  a  fourth  its  weight  of  lead,  forms  pol-melal; 
with  about  the  same  proportion  of  zinc,  or  a  little  more,  it 
composes  brasSf  the  most  useful  of  all  its  alloys.  Mixtures  of 
zinc  and  copper  form,  also,  the  various  compounds  of  Tombac, 
Dutch  Gold^  Similorj  Prince  Rupert's  Metal,  Pinchbeck,  &c. 
Copper  with  tin^  and  sometimes  a  little  zinc,  forms  bronze  and 
bellrmetalj  or  gunrmetoL  And  when  the  tin  is  nearly  one- 
third  of  the  alloy,  it  is  beautifully  white  and  takes  a  high  po- 
lish. It  is  then  called  speculum-metal.  (Nicholson's  Journ. 
4to.  iii.  490.)  Copper  may,  also^  be  alloyed  with  iron;  but 
the  compound  has  no  useful  properties.* 

Respecting  the  alloys  of  copper,  much  valuable  information 
may  be  found  in  the  4th  volume  of  Bishop  Watson's  Chemical 
Essays,  and  in  Aikin's  Dictionary  of  Chemistry,  articles 
Brass,  &c«  From  a  recent  investigation  of  them,  the  results 
of  which  are  not  yet  published,  Mr.  Dalton  finds  that  into  all 
the  alloys  of  copper  which  are  characterized  by  useful  pro- 
perties, the  ingredients  enter  in  atomic  proportions ;  and  it  is 

*  49  Philos.  Magatine,  107. 
H  2 
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probable  that  by  attention  to  these  proportions,  the  manufac- 
ture of  the  artificial  alloys  may  be  greatly  improved. 

Most  of  the  copper  of  commerce  is  obtained  from  copper 
pyriteSf  or  yellow  copper  ore,  which  is  a  compound  of  sulphur, 
iron,  and  copper,  in  such  proportions,  as  render  it  probable 
that  it  is  composed  of  two  atoms  of  proto-sulphnret  of  iron, 
and  one  atom  of  per-sulphuret  of  copper  with  a  little  arsenic 
and  earthy  matter.*  The  sulphur  and  arsenic  are  separated 
by  roasting;  and  the  copper  is  obtained  by  repeated  fusions^ 
in  some  of  which  an  addition  of  charcoal  is  made. 


SECTION  XXXI. 

Tellurium, 

1.  T£LLURiUM  was  discovcrcd  by  Klaproth^f  in  an  ore  of 
gold.  His  process  for  extracting  it  consists  in  the  solution 
of  the  ore  by  nitro-muriatic  acid,  dilution  with  water,  and  the  • 
addition  of  pure  potassa,  which  throws  down  all  the  metals 
that  are  present ;  aiid,  when  added  in  excess,  re-dissolves  a 
white  precipitate,  which  it  at  first  occasions.  To  the  alkaline 
solution,  muriatic  acid  is  then  added  ;  a  precipitate  again  ap- 
pears; and  this,  when  dried,  and  heated  with  one  twelfth  its 
weight  of  charcoal,  or  with  a  small  quantity  of  oil,  in  a  glass 
retort,  yields  tellurium,  in  the  form  of  small  brilliant  metallic 
drops,  lining  the  upper  part  of  the  body  of  the  retort-^One 
hundred  parts  of  the  ore  yield  above  90  of  tellurium. 

II.  1.  The  colour  of  this  metal  is  tin-white,  verging  to  lead- 
grey  ;  it  has  considerable  lustre,  and  a  foliated  or  scaly  frac- 
ture. It  is  very  brittle;  is  fusible  at  a  temperature  below 
ignition ;  and,  excepting  osmium  and  quicksilver,  is  the 
most  volatile  of  all  metals.  It  is  the  lightest  of  the  metals, 
the  bases  of  the  alkalis  and  earths  excepted,  having  the  spe- 
cific gravity  of  only  6.1 85. 

2.  It  is  oxidized  when   heated   in  contact  witli  air;   and 

•  R.  Phillips,  Ann.  of  PhiJ.  N,  S.  iii.  801.  .        f  Contributions,  ii.  1. 
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burns  with  a  sky-blue  flame,  edged  with  green.  Upon  char- 
coal, before  the  Uow-pipe,  it  inflames  with  a  violence  re- 
sembling detonation ;  exhibits  a  vivid  flame;  and  entirely  flies 
off  in  a  grey  smoke,  having  a  peculiarly  nauseous  smelL  This 
smoke,  when  condensed,  and  examined  in  quantity,  is  found 
to  be  white  with  a  tint  of  yellow.  It  is  fusible  by  a  strong 
heat,  and  volatile  at  a  still  higher  temperature.  It  not  only 
unites  as  a  base  with  acids,  but  also  itself  possesses  the  cha- 
racter of  an  acid,  and  forms  a  class  of  salts,  which  may  be 
called  tellurates.    It  is  composed,  according  to  Klaproth,  of 

Tellurium 83 100. 

Oxygen 17 20.5 

100 

Berzelius,  however,  determines  the  quantity  of  oxygen, 
absorbed  by  100  of  tellurium,  when  changed  into  oxide,  to 
be  27.83.  If  this  result  be  correct,  and  the  compound  be  the 
protoxide^  the  atom  of  tellurium  should  weigh  29 ;  but  the 
determination  of  Klaproth  would  make  it  39.  Results  so  dis- 
cordant show  the  necessity  of  farther  investigation. 

3.  Tellurium  is  soluble  in  nitric  and  nitro-muriatic  acids. 
The  saturated  solution  is  decomposed  by  the  mere  addition  of 
water,  which  throws  down  a  white  powder ;  but  this  is  again 
dissolved  on  adding  more  water.  Chlorine  unites  with  tellu- 
rium, and  forms  a  white  semi-transparent  compound,  which 
is  decomposed  when  added  to  water.  It  consists,  according 
to  Sir  H.  Davy,  of  100  tellurium  united  with  90.5  chlorine. 
From  its  solutions  it  is  precipitated  in  a  metallic  form,  by 
iron,  zinc,  tin,  and  even  by  muriate  of  tin.  Carbonated  and 
pure  alkalis  precipitate  the  telluric  oxide  united  with  water, 
in  the  form  of  a  white  hydrate;  and  the  oxide  is  re-dissolved 
by  an  excess  of  alkali  or  carbonate.  Alkaline  sulphurets  throw 
down  a  dark  brown  or  blackish  precipitate.  Tincture  of  galls 
produces  a  flocculent  yellow  precipitate.  The  solutions  of  this 
metal  in  acids  are  not  decomposed  by  prussiate  of  potassa  ;  a 
property  which  tellurium  possesses  in  common  with  gold,  pla^ 
tinum,  iridium,  osmium,  rhodium,  and  antimony. 

Tellurium  forms  two  distinct  compounds  with  hydrogen,  the 
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one  of  which  is  solid  and  the  other  gaseous.  1st.  By  making 
tellurium  the  negative  sur&ce  in  water,  in  the  Galyaaiie  eirciut» 
a  brown  powder  is  formed^  which  is  a  solid  hydrurnt  of  iellur 
rium.  2dly.  By  acting  with  dilute  sulphuric  add,  up<m  the  alley 
of  tellurium  and  potassium  (which  may  be  obtained  by  heating 
a  mixture  of  solid  hydrate  of  potassa,  tellurium,  and  charcoal), 
we  obtain  a  peculiar  gas.  This  gas  has  a  smell  resembling 
thatof  sulphureted  hydrogen.  It  is  absorbed  by  water,  and 
a  claret-coloured  solution  results,  which,  by  exposure  to  the 
air,  becomes  brown,  and  deposits  tellurium.  After  being 
washed  with  a  small  quantity  of  water,  it  does  not  affect  vege- 
table blue  c(Jours«  It  bums  with  a  bluish  flame,  depositing 
oxide  of  tellurium.  It  unites  with  alkalis;  precipitates  most 
metallic  solutions;  and  is  instantly  decomposed  by  chlorine 
gas.  It  may  be  called  telbireted  hydrogen  gas.  According  to 
Berzelius,  it  is  constituted  of  100  parts  of  tellurium  with  a 
Jittle  less  than  two  parts  of  hydrogen. 


SECTION  XXXII. 

Lead. 

To  obtain  lead  in  a  state  of  purity,  Berzelius  dissolved  it  in 
nitric  acid,  and  crystallized  the  salt  several  times,  till  the 
mother  liquor,  on  adding  carbonate  of  ammonia,  gave  no  traces 
of  copper.  The  pure  nitrate  of  lead,  mixed  with  charcoal, 
was  strongly  heated  in  a  Hessian  crucible ;  and  the  lead,  which 
separated,  was  kept  some  time  in  a  state  of  fusion,  in  order 
to  free  it  entirely  from  charcoal.  The  lead,  thus  obtained, 
when  redisBolved  in  nitric  acid,  gave  no  trace  of  any  other 
pietal. 

Lead  has  a  bluish  white  colour;  and,  when  recently  cat  or 
melted,  exhibits  considerable  lustre,  which  soon,  however, 
tarnishes.  Its  specific  gravity  is  11.S52.  Its  malleability  is 
sufficient  to  allow  of  its  being  beaten  into  very  thin  leaves ;  and 
it  may  be  drawn  into  wire,  which  has  less  tenacity,  however, 
that  that  of  most  other  metals. 

The  melting  point  of  lead,  according  to  Morveau,  is  590^ 
6 
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Fahfenheit ;  bat  according  to  Mr.  Crichton  of  Glasgow  it  19 
612^.  Exposed  to  a  red  heat,  with  free  access  of  air,  it  smokes 
and  sublimes,  and  gives  a  grey  oxide,  which  collects  on  sur- 
rounding cold  bodies.  It  is  slowly  oxidized,  also,  by  exposure 
to  the  atmosphere  at  common  temperatures ;  and  more  rapidly, 
when  exposed  alternately  to  the  action  of  air  and  water. 

1 .  Oxides  of  Lead. — Lead  appears  to  be  susceptible  of  form- 
ing three  distinct  oxides.  1.  The  yellow  protoxide  may  be  ob- 
tained by  decomposing  nitrate  of  lead  with  carbonate  of  soda, 
and  igniting  the  precipitate,  or  by  heating  the  nitrate  to  red- 
ness in  a  close  vessel.  This  oxide  is  tasteless,  insoluble  in 
water,  but  soluble  in  potassa  and  in  acids.  When  heated,  it 
forms  a  yellow  semi-transparent  glass,  called  litharge^  which 
is,  to  a  considerable  degree,  volatile  at  a  red  heat.  Another 
form  of  the  yellow  oxide  is  that  which  is  known  in  commerce 
by  the  name  oi  massicot. 

The  yellow  or  protoxide  of  lead  has  been  investigated  by 
Proust,  Thomson,  and  Berzelius;*  and  its  composition,  as 
determined  by  the  last-mentioned  chemist,  is 

Lead 92.85 100 104 

Oxygen  ...     7.15 7.725 8 

100.  112 

2.  The  second,  or  deutoxide  of  lead,  may  be  obtained  by 
exposing  the  protoxide  of  lead,  or  the  metal  itself,  to  heat, 
with  a  lai]ge  surface  and  a  free  access  of  air,  for  some  time,  till, 
at  length,  it  is  converted  into  a  red  oxide,  known  in  commerce 
by  the  names  of  minium  or  red  lead.  This,  however,  is  an  im- 
pure sub8tance,!containing  sulphate  of  lead,  muriate  of  lead  with 
excess  of  base,  oxide  of  copper,  silex,  and  a  portion  of  the 
yellow  oxide.  The  protoxide,  Berzelius  found,  may  be  removed 
by  acetic  acid,  which  does  not  act  on  the  red  oxide.  Making 
allowance  for  the  other  impurities,  he  determined  the  com- 

*  The  numbers  lately  astigned  bj  Berzelius  (Ann.  of  Phil.  xv.  94)  differ 
so  little  from  those  which  ibUow^  that  I  have  thought  it  unnecessary  to 
change  them.    The  protoiide  he  now  makes  ->  100  lead  +  7*735  oxygen. 
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position  of  red  oxide  of  lead>  which  may  be  considered  as  the 
deutoxide,  to  be 

Lead 90 100 104 

Oxygen....  10 11.08 12 

100  116 

When  minium  is  digested  with  nitric  acid,  one  part  of 
it  is  reduced  to  the  state  of  yellow  oxide,  and  is  dissolved  by 
the  acid ;  and  the  remainder  is  a  brown  oxide,  contaminated 
(if  impure  minium  has  been  used)  with  the  substances  which 
have  been  mentioned.  This  oxide  may  be  procured,  also,  by 
passing  a  current  of  chlorine  gas  through  water,  in  which 
the  red  oxide  is  kept  suspended,  and  by  precipitating  with 
caustic  potassa,  and  drying  the  oxide.  It  is  of  a  flea  or  puce 
colour;  very  fine  and  light  in  its  texture;  and  insoluble  in 
nitric  acid.  When  strongly  heated,  it  gives  out  3  or  4  per 
cent  of  oxygen  gas,  and  is  converted  into  yellow  oxide.  It 
consists,  according  to  Berzelius,  of 

Lead 86.51   ....  100     ....  104 

Oxygen 13.49  ....     15.6  ... .     16 

100.  115.6  120 

On  comparing  the  quantities  of  oxygen  united  with  100 
parts  of  lead,  in  these  three  oxides,  we  shall  find  that  the 
numbers  7.7,  11.08,  and  15.6,  are  very  nearly  in  the  propor- 
tion of  1,  li,  and  2.  If,  therefore,  we  multiply  these  last 
numbers  by  2,  we  shall  have  the  oxygen,  in  the  three  oxides 
of  lead,  represented  by  2,  3,  and  4.  This  view  of  the  subject 
renders  it  probable,  that  there  may  exist  an  oxide  of  lead,  with 
less  oxygen  than  any  at  present  known ;  but  the  notion  is  not 
countenanced  by  the  composition  of  the  sulphuret. 

The  yellow  oxide  of  lead,  when  precipitated  by  pure  al- 
kalis from  its  compounds,  forms  a  white  hydrate^  the  compo- 
sition of  which  is  not  exactly  known. 

The  oxides  of  lead  are  easily  vitrified,  and  have  the  pro- 
perty of  uniting  with  all  the  metals  except  gold  and  silver. 
Hence  gold  or  silver  may  be  purified  by  melting  them  with 
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kad.  The  lead  becomes  first  oxidized  and  then  vitrified,  and 
sinks  into  the  cupel,  carrying  along  with  it  all  the  baser  me- 
tals, and  leaving  the  gold  or  silver  on  the  surface  of  the  cupel. 
The  quantity  of  lead  required  for  silver  of  various  degrees  of 
fineness  may  be  learned  from  a  memoir  of  D'Arcet,  in  the 
first  volume  of  Annales  de  Chim.  et  de  Physique. 

The  oxides  of  lead  give  up  their  oxygen  on  the  application 
of  beat.  When  distilled  in  an  earthen  retort,  they  afibrd 
oxygen  gas ;  and  still  more  readily  when  distilled  with  con- 
centrated sulphuric  acid.  They  are  also  reduced,  by  being 
ignited  with  combustible  matter.  Thus,  when  a  mixture  of 
red  oxide  of  lead  and  charcoal  is  ignited  in  a  crucible^  a  button 
of  metallic  lead  will  be  found  at  the  bottom  of  the  vessel. 
Mere  trituration  of  the  peroxide  in  a  mortar  with  a  little  sul- 
phur, and  the  subsequent  addition  of  a  small  bit  of  phosphorus, 
occasions  a  violent  explosion.* 

Pure  water  has  no  action  on  lead;  but  it  takes  up  a 
small  proportion  of  the  oxide  of  that  metal.  When  left  in 
contact  with  water,  with  the  access  of  atmospherical  air,  lead 
soon  becomes  oxidized  and  dissolved,  especially  if  agitation 
be  used.  Hence  the  danger  of  leaden  pipes  and  vessels  for 
containing  water,  which  is  intended  to  be  drunk.  Water  ap- 
pears also  to  act  more  readily  on  lead,  when  impregnated  with 
the  neutral  salts  that  are  occasionally  present  in  spring  water.f 

11.  Chloride  of' Lead. — When  SO  grains  of  lead,  reduced  to 
fine  filings,  are  thrown  into  60  cubic  inches  of  chlorine  gas 
moderately  warmed,  the  metal  bums  with  a  clear  white  flame 
accompanied  with  sparks.  The  combination  of  lead  and  chlo- 
rine may,  however,  be  more  easily  eflbcted,  by  precipitating 
the  nitrate  or  any  soluble  salt  of  lead  with  a  solution  of 
common  salt,  and  washing  the  precipitate  with  a  suflRcient 
quantity  of  water.  It  has  a  sweet  taste,  and  is  soluble  in  22 
parts  of  water  at  60°,  and  also  in  diluted  nitric  acid.  When 
dry,  it  is  fusible,  at  a  heat  below  redness,  into  a  semi-transpa- 
rent substance  of  the  consistence  of  horn,  from  whence  it  has 

*  Thomson's  Ann&ls,  ix.  31. 

+  On  the  presence  of  lead  in  water^  consult  Dr.  Lambe's  "  Researches 
respecting  Spring  Water,"  (8vo.  London.  Johnson)  and  also  Gujrton, 
20  Nich.  Journ.  103. 
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been  called  horn  lead  or  pbrnlmm  oomemn.  By  an  intense 
heat  it  is  volatilized.  It  has  been  analyzed  by  Berzelius,  who 
states  it  to  consist  of  100  muriatic  add  +  409.06  protoxide 
of  iead,  equivalent  to  380.06  metallic  lead  +  129  chlorine. 
Dr.  John  Davy  found  it  to  be  composed  of 

Chlorine  .  4 .  •  •  •  25.78 34.75  •  • . .     36 

Lead 74.22 100.     ....  104 


100.  140 

It  is  the  only  compound  of  lead  and  chlorine  that  is  known, 
and  it  is  constituted  of  1  atom  of  each  of  its  elements. 

When  two  parts  of  the  red  oxide  of  lead  are  made  into 
a  paste  with  one  of  muriate  of  soda,  and  water  added  occa- 
sionally as  the  mixture  hardens,  soda  is  disengaged,  and  a 
'  suh-chtorlde  of  lead  is  formed  mixed  with  oxide  of  lead.  This, 
on  fusion,  affords  the  fine  yellow  pigment  cnUed  mineral  or 
patent  yellow.  The  disengaged  soda  attracts  carbonic  acid 
from  the  atmosphere,  but  not  enough  to  convert  it  into  a 
carbonate.  In  the  large  way,  it  is  found  necessary  to  supply 
carbonic  acid  to  the  soda  thus  formed,  by  burning  it  with  saw- 
dust. By  this  process,  a  large  quantity  of  soda  was  extracted 
from  common  salt,  till  cheaper  methods  were  discovered. 

III.  Iodide  of  lead  may  be  prepared  either  by  the  direct 
combination  of  iodine  with  lead,  or  by  precipitating  nitrate  of 
lead  with  hydriodic  acid,  and  heating  the  precipitate.     It  is 
constituted  of  1  atom  of  iodine  =126  +  1  atom  of  lead  = 
104,  together  230. 

lodate  of  lead  is  thrown  down  in  an  insoluble  state  when 
iodatc  of  potassa  is  added  to  nitrate  of  lead. 

III.  Salts  of  Lead. 

Sulphuric  acid  has  no  action  on  lead,  except  when  con- 
centrated and  at  a  boiling  temperature.  It  is  then  decom- 
posed, and  sulphurous  acid  is  formed.  The  insolubility 
of  lead  in  sulphuric  acid  occasions  its  being  employed  as 
the  material  for  constructing  the  chambers  in  which  that 
acid  is  prepared,  and  even  for  boiling  down  the  weak  acid* 
Sulphate  of  lead,  however,  may  be  formed,  either  by  adding 
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sulpbttric  acid^  or  itill.  better,  sulphate  of  soda^  to  any  of  tlie 
salts  of  lead.  Its  insolubility  both  in  water  and  in  nitric  acid 
renders  its  formation  of  use  as  a  step  in  mineral  analyses,  and 
hence  it  is  necessary  to  know  its  exact  composition,  which  is 
stated  by  Berzelios  as  follows  :-^ 

Sulphuric  acid  •  •  26.34  •  •  •  •  100  •  •  •  •  1  atom  ==    40 
Yellow  oxide  . . .  73.66  ....  279 ....  1  do.     =112 


100.  379  152 

If  the  whole  oxygen  in  the  sulphate  of  lead  be  supposed  to 
be  divided  into  four  parts,  one  of  these,  it  is  remarked,  by 
Berzelius,  is  combined  with  the  lead,  and  three  with  the  sul- 
phur. In  the  sulphite,  one  third  of  the  oxygen  is  united  with 
the  lead,  and  two  thirds  with  the  sulphur. 

Sulphite  of  lead  may  be  formed  by  the  direct  action  of  sul- 
phurous acid  on  the  protoxide,  or  by  mingling  solutions  of 
nitrate  of  lead  and  sulphite  of  potassa.  It  is  white,  insoluble, 
and  tasteless,  and  gives  sulphurous  acid  when  heated.  It 
consists  of  1  atom  of  base  =112  +  1  atom  of  acid  =  32. 

Nilraie  of  Lead. — Nitric  acid,  a  little  diluted,  dissolves  lead, 
with  the  extrication  of  nitrous  gas.  If  the  acid  be  in  small 
quantity,  a  sub-nitrate  is  formed,  which  becomes  soluble  on 
adding  more  acid.  A  small  portion  remains  undissolved, 
which  Dr.  Thomson  finds  to  be  oxide  of  antimony  with  a 
little  silica.  The  solution  is  not  decomposed  when  poured 
into  water.  By  evaporation,  it  yields  large  regular  tetrahe- 
dral  or  octobedral  crystals,  which  are  soluble  in  about  7^  parts 
of  boiling  water.  They  contain  no  water  of  crystallization, 
and  consist,  according  to  Berzelius,  of 

Nitric  acid 32.78 ....  100     . .  1  atom  =    54 

Yellow  oxide  ....  67.22 ....  209.5  . .  1  do.     =112 


100.  309.5  166 

Chevreul  erroneously  considers  this  salt  as  a  super-nitrate,* 
and  describes  a  scaly  salt  as  the  neutral  nitrate,  which  is  in 
fact  a  sub^lrate^  consisting  of 


*  t  Thomson's  Annals,  101. 
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Nitric  acid 19.86  •  •  •  •  100  .  •  I  atom  ==    54; 

Yellow  oxide  ....  80.14> .  • .  •  403 . .  2  do.     =  224 


100.  SOS  278 

By  boiling  4  parts  of  the  nitrate^  and  6  of  lead,  with  850 
parts  of  water,  for  14  hours,  Chevreul  obtained  a  liquid, 
which  yielded  two  sorts  of  crystals ;  the  one,  in  the  form  of 
plates,  a  nitrite;  and  the  other,  in  the  shape  of  needles,  a 
sulnnilrite.  The  nitrite  was  little  soluble  m  cold  water,  and 
boiling  water  dissolved  only  about  a  tenth  of  its  weight.  It 
was  decomposed  by  all  the  acids  that  were  tried.  Its  con- 
stituents are 

Nitrous  acid 18.15   100 

Yellow  oxide 81.85    450 


100. 

The  sub-nitrite  crystallized  in  needles,  of  which  100  parts 
of  boiling  water  dissolved  about  three  parts,  and  retained  one, 
when  cooled  down  to  7S^  Fahrenheit.    It  consisted  of 

Nitrous  acid 9.9    100 

Yellow  oxide  .  • 90.1    910 

100. 

Carbonate  of  Lead. — Carbonic  acid  may  be  made  to  com- 
bine with  protoxide  of  lead,  by  precipitating  the  nitrate  of 
lead  with  carbonate  of  soda,  or  by  long  exposure  of  thin  sheets 
of  lead  to  the  vapour  of  vinegar.  In  the  latter  case,  we  ob- 
tain the  carbonate  of  lead  or  common  white  lead,  which  Berg* 
man  has  shown  to  contain  no  acetic  acid,  though  made  by  its 
intervention.    According  to  Berzelius,  it  consists  of 

Carbonic  acid  .  •  16.5  ....  100 1  atom  =    22 

Oxide  of  lead   . .  83.5  ....  506.82  . .  • .  1  ditto  =112 


100.  134 

Acetate  and  SulMZcetate.—When  carbonate  of  lead  is  dis- 
solved in  distilled  vinegar,  and  the  solution  crystallized,  we 
obtaiu  a  salt  of  great  utility  in  the  arts,  the  super  acetate,  or, 
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more  properly^  acetate  of  lead,  lo|ig  known,  from  its  sweet 
taste,  under  the  name  of  sugar  ofUad, 

It  is  in  the  form  of  small  shining  needle-shaped  crystals, 
which  are  almost  equally  soluble  iii  hot  and  in  cold  water,  viz. 
to  about  one-fourth  the  weight  of.  the  fluid.  The  solution  is 
decomposed  by  mere  exposure  to  the  air,  the  carbonic  acid 
attracting  the  lead,  and  forming  an  insoluble  carbonate.  It 
is  decomposed,  also,  by  the  carbonates  and  sulphates  of 
alkalis. 

Acetate  of  lead  consists,  according  to  the  experiments  of 
Berzelius,  of 

Acid 26.97 

Yellow  oxide . .  58.71 
Water   14.32 


•  •  • .  1.00  ' 

• .  1  atom .  • 

50 

217.662  .. 

.  •  1  ditto  •  • 

112 

..  3  ditto  . . 

27 

100.  \  189 


By  boiling  in  water  a  solution  of  100  parts  of  acetate  of  lead 
and  150  of  finely  pulveris^ed  litharge  the  acetate  passes  to  the 
state  oi  sub^acetate.  The  taste  of  this  salt  is  less  sweet;  it  is 
less  soluble  in  water,  and  crystallizes  in  plates.  It  is  com- 
posed, according  to  Berzelius,  of 


Acid 

Yellow  oxide 

. .   18.23  ....  100  ....  1  atom  .  •     50 
. .  86.77 656 3  ditto   . .  336 

100. 

The  oxide  in  the  sub- acetate,  is,  therefore,  from  experiment, 
so  nearly  three  times  that  contained  in  the  acetate,  that  we 
may  consider  the  deviation  as  arising  from  sources  of  error 
almost  unavoidable  in  chemical  analysis. 

Pimphate  of  Lead. — The  yellow  oxide  of  lead  unites  with 
phosphoric  acid,  either  directly,  or  by  mixing  the  solutions  of 
a  neutral  alkaline  phosphate  and  of  nitrate  or  acetate  of  lead. 
The  compound  is  insoluble,  and  is  composed,  according  to 
Dr.  Thomson,  (Annals  of  Phil.  i.  L2.)  of 

Phosphoric  acid   • .  20  ....  100  ....  1  atom  =    28 
Yellow  oxide    ....  80  ....  400  •  •  •  •  1  ditto  =112 

100  500  140 
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IV.  Stdphuret  ofLead.-^All  the  fiolotions  of  lead  are  de- 
composed by  sulphureted  hydrogen  and  by  alkaline  hydro- 
sulphurets,  and  a  hydro-tulphureted  oxide  is  thrown  down. 
Hence  these  compounds  are  excellent  tests  of  the  presence  of 
lead  in  wine  or  any  other  liquor,  discovering  it  by  a  dark*co- 
loured  precipitate.  Hence,  also,  characters  traced  with  so- 
lution of  acetate  of  lead^  become  legible  when  exposed  to  sul- 
phureted hydrogen  gas.  The  same  property  explains,  too,  the 
eiiect  of  alkaline  hydro-sulphurets  in  blackening  the  glass 
bottles  in  which  they  are  kept.  The  effect  is  owing  to  the 
action  of  the  sulphureted  hydrogen  on  the  oxide  of  lead  which 
all  white  glass  contains. 

Lead  unites  also  in  its  metallic  state  with  sulphur;  and  con- 
stitutes a  native  compound  of  a  blue  colour  with  considerable 
brilliancy  called  galena^  which  is  the  source  of  almost  all  the 
lead  of  commerce.  This  compound  may,  also,  be  formed  ar- 
tificially. It  is  remarked  by  Berzelius  that  the  sulphur  aud 
lead,  which  it  contains,  are  in  such  proportions,  that  when 
both  are  combined  with  oxygen,  and  converted,  the  one  into 
sulphuric  acid,  and  the  other  into  yellow  oxide  of  lead,  the 
acid  and  oxide  exactly  saturate  each  other.  These  propor- 
tions he  found  to  be 

Sulphur 1S.S6  ....     15.42  ....  100. 

Lead 86.64  ....  100 643.5 


100.  115.42  743.5 


It  consists,  therefore,  of  one  atom  of  lead  =  104  +  1  atom 
of  sulphur  =  16;  and,  as  the  atom  of  sulphur  is  double  the 
weight  of  that  of  oxygen,  we  obtain  a  confirmation  of  the  pro- 
portions already  assigned  to  the  protoxide  of  lead. 

The  alloys  of  lead  are  described  in  other  sections  of  tliis 
chapter. 
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CLASS  II. 

METALS,  THE  OXIDES  OF  WHICH  ARE  REDUCIBLE  BY 
HEAT  ALONE. 

SECTION  XXXIII. 

Mercury. 

Mercdrt,  or  quicksilver,  is  the  only  one  of  the  metals,  that 
retains  a  fluid  form  at  the  ordinary  temperature  of  the  at- 
mosphere. 

When  its  temperature  is  reduced  to  about  39®  or  40®  below 
zero  of  Fahrenheit,  it  becomes  a  solid.  This  is  a  degree  of 
cold,  however,  that  occurs  only  in  high  northern  latitudes : 
in  this  country  quicksilver  can  only  be  exhibited  in  a  solid 
state  by  means  of  artificial  mixtures.  *  By  congelation  it  ac- 
quires an  increase  of  specific  gravity ;  and,  therefore,  unlike 
other  metals,  the  congealed  portion  sinks  to  the  bottom  of  a 
fluid  mass  of  mercury.  Its  specific  gravity,  at  47®  above  0 
of  Fahrenheit,  being  13.545,  it  was  found  increased  by  con- 
gelation, in  an  experiment  of  Mr.  Biddle,  to  15.612,  or  about 
oneH^venth. 

At  about  660®  of  Fahrenheit,  656^  according  to  Creighton, 
680®  according  to  Petit  and  Dulong,  or  662°^  measured  by 
a  true  thermometer,  mercury  boils,  and  is  changed  into  va- 
pour. Hence  ft  may  be  driven  over  by  distillation,  and  may 
thus  be  purified,  though  not  accurately,  from  the  admixture 
of  other  metals.  When  its  temperature  is  considerably  in- 
creased above  this  point,  the  vapour  acquires  great  expan- 
sive force,  and  the  power  of  bursting  the  strongest  vessels. 

I.  Oxides  of  Mercury. — Mercury  is  not  oxidized,  when 
pure,  at  the  ordinary  temperature  of  the  atmosphere;  but 
preserves  the  lustre  of  its  surface  unchanged  for  a  considerable 
time.  There  are  several  methods,  however,  by  which  it  may 
be  brought  to  combine  with  oxygen. 

(a)  Mercury  is  oxidized  by  long  continued  agitation  in  a 
bottle  half  filled  with  atmospherical  air,  and  is  converted  into 
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a  black  powder  to  which  Boerhaave  gave  the  name  otetkiops 
per  se.  In  this  the  oxide  is  mixed,  however,  with  much  me- 
tallic mercury.  When  the  black  oxide  (which  may  be  ob- 
tained, with  less  trouble,  by  decomposing  calomel  with  an 
excess  of  solution  of  potassa),  is  distilled  in  a  glass  retort,  oxy- 
gen gas  is  evolved;  or,  if  a  moderate  heat  be  long  continued, 
it  acquires  a  reddish  colour,  and  a  still  farther  dose  of  oxygen. 

The  protoxide  of  mercury,  it  is  asserted  by  Guibourt,  can- 
not be  obtained  perfectly  pure ;  for  when  either  pro-nitrate  or 
protochloride  of  mercury  is  decomposed  by  potassa,  the  pre- 
cipitate, even  when  excluded  from  air,  contains  peroxide  of 
mercury  and  small  globules  of  metal,  the  latter  of  which  are 
discoverable  by  a  magnifier.  Nor  can  it  be  procured  by  tri- 
turating the  peroxide  with  metallic  mercury.* 

(jb)  Another  oxide  of  mercury  is  obtained  by  exposing  the 
fluid  metal,  for  several  days,  to  nearly  its  boiling  temperature, 
in  a  fiat  glass  vessel,  into  which  air  is  freely  admitted.  After 
a  sufficient  length  of  time,  small  flaky  crystals  form  on  its  sur- 
face, of  a  brownish  red,  or  flea  colour.  Tliis  red  oxide  was 
formerly  called  precipitate  per  se.  When  distilled  alone  in 
a  glass  retort,  it  yields  oxygen  gas,  and  returns  to  a  metallic 
state.  It  is  composed,  according  to  Fourcroy  and  Thenard, 
of  100  metal  and  8  of  oxygen.  Sir  H.  Davy,  also,  finds  its 
oxygen  to  be  exactly  double  that  of  the  protoxide,  which, 
from  his  experiments,  is  composed  of  190  mercury,  and  7.5 
oxygen,  while  the  peroxide  consists  of  190  metal  and  15 
oxygen.     Hence  the  protoxide  is  composed  of 

Mercury 96.22    100 

Oxygen 3.78   3.947 


100.  103.947 

And  the  peroxide  of 

Mercury 92.69    100. 

Oxygen   7.31    7.894 

100.  107.894 

*  6  Ann,  d«  Chim.  et  f  hjs.  ii.  422. 
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Mr.  Donovan  finds  that  100  parts  of  mercury  take,  to  form 
black  oxidcy  4.1 2  of  oxygen ;  and,  to  form  red  oxide,  7.8& 
But  the  two  last  numbers,  not  being  strictly  coincident  widi 
tbe  law  of  multiple  proportions,  one  of  them  must  be  er- 
roneous. Admitting  the  red  oxide  to  consist  of  7.82,  for  every 
100  grains  of  mercury,  the  black  must  consist  of  100  +  3.91. 
It  will,  perhaps,  be  sufficiently  near  the  truth,  if  we  admit, 
with  Dr.  Wollaston,  that,  according  to  the  original  determi- 
nation of  Fourcroy  and  Thenard,  confirmed  by  the  recent  ex- 
periments of  Sefstrom,*  the  black  oxide  consists  of  100  metal, 
united  with  4  of  oxygen,  and  the  red  of  100  mercury  +  8 
oxygen.  The  latter  number  agrees  also  with  the  experiments 
of  Guibourt ;  and  the  oxygen  in  the  protoxide,  though,  from 
his  analysis,  it  appeared  to  amount  to  4-^  oxygen  upon  100  mer- 
cury, may  be  safely  taken  at  half  that  in  the  peroxide.  This 
would  make  the  atom  of  mercury  to  weigh  200,  for 
4  :  100  ::  8  :  200. 

Peroxide  of  mercury,  Guibourt  finds,  is  decomposed  by 
long  continued  exposure  to  light.  It  is  soluble  in  water,  and 
communicates  to  it  the  property  of  turning  syrup  of  violets 
green^  and  of  being  precipitated  by  sulphureted  hydrogen. 
With  ammonia,  the  peroxide  forms  an  amnwniwret  of  mercury^ 
decomposable  by  heat. 

Chlorides  of  Mercury. — Mercury  unites  easily  with  chlorine, 
and  if  heated  in  that  gas,  burns  with  a  pale  red  flame.  The 
product  is  identical  with  the  salt  called  corrosive  sullimate^ 
which  in  fact  is  a  chloride  of  mercury,  and  is  termed  per- 
chhride  or  hi-cliloride  to  distinguish  it  from  calomel^  another 
compound  of  the  same  elements  in  different  proportion^. 
According  to  the  experiments  of  Sir  H.  Davy,  corrosive  sub- 
limate is  constituted  of  190  mercury  +  67.0  chlorine,  or  it 
consists  of  1  atom  of  mercury  =  200  +  2  atoms  of  chlorine  = 
72,  or  of 

Mercury 74 100       ....  284.41 

Chlorine    ....  26 35.2    .•••  100. 

100. 

•  Ann,  of  Phil.  N.  S.  ii.  1«6. 
VOL*  II.  I 
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Wheti  tli«' |TercMoridc  isnecarfttdy  mixed  with  abcnit  half 
iU  weight  of  mctaltic  quicksilver  and  sublimed,  we  obtain  a 
cOfffpoUttd  cf^cblorine  and  roercory,  called' proichcfdaride^ 
fnnrcury  or  calomel,  a  substance  long  used,  and  of  great  im- 
portance in  medicine.  It  is- constituted  of  one  atom  ofmcr- 
cdfy  =  200  +  one  atom  of  chlorine  ==  S6y  or  of 

Mercury  ....  85  ......  100      568.2 

Chlorine  ....   15  ......     17.6 100. 

100. 

Corrosive  sublimate  and  calomel  are  not,  however,  prepared 
for  use  by  the  direct  combination  of  chlorine  and  mercury, 
but  by  a  method  which  will  be  described  in  speaking  of  the* 
sulphate  of  mercury. 

Bi'chloride  of  mercury  is  a  white  semi-transparent  mass,  im- 
perfectly crystallized.  Its  specific  gravity  is  -5.2.  Light  has 
no  action  on  it  in  its  solid  form.  It  has  an  acrid  and  nauseous 
taste,  and  leaves  iti  iK^  mouth  a  permanent  metallic  flavour. 
It  is  a  violent  poison.  Water  at  60^  Fahr.  dissolves  rather 
more  than  one'-twentlcth  of  its  weight.  The  solution  is  de- 
composed by  light,  and  calomel  is  formed.  Alcohol,' sp.  gr. 
.916,  takes  up  half  its  weight,  and  acquires  the  specific  gravity 
1 .08.  Ether,  sp.  gr.  .74-5,  dissolves  one-third  of  its  weight,  and 
tHe  solution  has  the  same  specific  gravity  as  that  effected  by 
alcohol:  Muriatic  acid,  sp.  gr.  1.158,  ot  70°.  Fahr.  takes  up 
t^ice  its  weight  of  corrosive  sublimate,  and  the  solution  is  of 
specific  gravity  2.'4fl2;  but,  on  lowering  its  temperature  a  few 
degrees,  it  suddenly  becomes  solid.  From  Dr.  Davy's  ex- 
periments ( Phil:  Trails.  1822),  corrosive  sublimate  appears  not 
to  be  soluble  in  the  sulphuric  or  nitric  acids*  It  is  capable  of 
uniting,  and  forming  a  double  salt,  with  muriates  of  ammo- 
nia, potassa,  soda,  baryta,  and  magnesia,  all  of  which  greatly 
increase  its  solubility ;  and  the  solutions  by  these  menstrua, 
as  well  as  by  alcohol  and  ether.  Dr.  Davy  finds,  undergo  no 
change  by  exposure  to  the  light.  From  the  watery  solution^ 
alkalis  throw  down  peroxide  of  mercury,  first  as  an  orange* 
and  afterwarils  as  a  brick-red  precipitate. 

Proto-chlorlde  of  meicury  {calomel)  is  white,  crj-stalline,  and 
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iwy  heavy,  k»  itpe^ifk  gfWky  being  7.2.  JUk  tasCd^  mA 
tiMriy  HitfdkiUe,  and  nitty  be  f^^n-  iiy  dbseB  €>r  ^Wrttl  (|prainK| 
widioat  any  effect  but  tiMt  (tf  »  pargtilvt^.  When  A  massF  off 
k  is.  Mratchedy  it  gives  a  yeHow  8tM^ilk>  which  is  not  (h^  cam 
with  tlie  pertfhforidir;  and  nrhei*  very  Hneiy  pcmdiered,  H  hmn 
light  buS*  colour. 

When  a  vefy  smiill  i]tiantity  of  Cfdomei  (nbmit  lOgr.)  is 
well  triturated  with  a  little  traier,  and  then  with  a  considerable 
^aantky  of  liquid  potassa,  pour«d  on  it  at  once,  an  mt&nsel^ 
black  precipitate  is  obtained],  which,  when  dried  at  a  gentle 
lieat,  and  rubbed  in  a  mortar,  aiferds  about  one-fourth  it« 
weight  of  revived  mercury.  The  remainder  is  the  protoxide 
already  described. 

Sails  of  Meicury. 

V.  Sulphate. — Mercury  is  dissolved  by  hot  and  concen-* 
trated  sulp/mrie  acid.  Two  parts  of  sulphuric  acid  and  one 
of  mercury  are  the  proportions  generally  used  ;  and  as  strong 
sulphuric  acid  acts  but  little  on  iron,  the  combination  may  be 
made  in  an  iron  vessel.  Part  of  the  redundant  acid  may  be 
expelled  by  heat ;  but  still  the  salt  retains  a  considerable  ex^- 
^ei3  of  acid,  and  may  be  considered  as  per-sniphate  of  mer<^ 
cury.  It  is  very  difficult  of  solution,  requiring  155  parts  of 
<:oid  or  33  of  boiling  water.  By  repeated  washings  with  cold 
water,  the  whole  excess  of  acid  may  be  removed,  and  the  salt 
is  reduced  to  a  sulphate,  and  rendered  much  less  soluble.  The 
per'sulphate  is  cxinstituted  of  1  atom  of  peroxide  +  2  atoms 
of  acid^  the  sulphate  of  1  atom  of  each  ingredient. 

When  Hbe  per«sulphate  is  heated  for  some  time;  at  a 
temperature  exceeding  that  of  boiling  water,  it  loses  sttU 
mote  acid,  afnd  is  changed  into  a  herd  grey  mnss.  When 
this  is  removed  from  the  fire,  and  boiling  water  poured  upoti 
it,  a  lemon-yellow  coloured  powder  is  formed,  called  Ttabiih 
Mineral  This  sabstmice  requires  for  solution  2000  times  it» 
iteigfat  of  water.  One  hundred  parts  connst  of  10  sulphuric 
avid,  76^  mereury,  1 1  oxygen,  and  3  waiter. 

The  principal  use  of  sulphate  of  mercury  is  in  tlie  fomia* 
timkf  of  corresive  subtiroate  and  calomeU  The  following  me* 
tl»d»  0Jt  pceparing  tlwfse  eompottnda  have  been  dtacribed  by 
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Mr.  Bninde :  For  corrosive  sublimate,  50  pounds  of  mercury 
are  boiled  to  diyness  in  a  cast  iron  pan  with  70  pounds  of  sul- 
phuric acid;  73  pounds  of  super- sulphate  of  mercury  are 
thus  formed,  which  being  perfectly  mixed  with  120  lbs.  of 
mjuriate  of  soda  and  sublimed,  yield  from  63  to  65  lbs.  of 
corrosive  sublimate. 

To  form  calomel,  50  lbs.  of  mercury  are  boiled  with  70  lbs. 
of  sulphuric  acid  to  dryness:  62  lbs.  of  the  dry  salt  are  tritu- 
rated with  40^  pounds  of  mercury  until  the  globules  disappear^ 
and  34  lbs.  of  common  salt  are  then  added.  The  mixture  is 
submitted  to  heat  in  earthen  vessels,  and  from  95  to  100  lbs. 
of  calomel  are  the  result.  HThis  is  first  to  be  ground  to  a  fine 
and  impalpable  powder,  and  then  washed  with  large  quantities 
of  distilled  water.  (Manual,  vol.  ii.) 

Chlorates  of  Merairy, — The  oxides  of  mercury  dissolve  in 
chloric  acid.  The  salt  formed  with  the  peroxide  is  the  most 
soluble.  When  heated,  both  give  out  oxygen  gas,  and  are 
converted  into  peroxide  of  mercury  and  corrosive  sublimate. 
(Vauquelin,  Ann.  de  Chim.  xcv.  103.) 

Mercury  and  Iodine. — There  are  two  compounds  of  these 
bodies,  which  may  be  formed  either  by  gently  heating  mercury 
with  iodine,  or  by  mixing  solutions  of  mercury  with  hydriodic 
acid.  Both  are  insoluble.  The  prot-iodide,  consisting  of  1 
atom  of  mercui7  +  1  of  iodine,  is  yellow.  The  deut-iodide^ 
consisting  of  1  mercury  +  2  iodine,  has  a  red  colour. 

Mercury  and  Cyanogen, — Cyanide  of  mercury  may  be  pre- 
pared by  boiling  in  a  mattras  eight  parts  of  water,  two  of  finely 
powdered  prussian  blue,  and  one  of  peroxide  of  mercury. 
When  the  liquid  assumes  a  yellow  colour,  it  is  to  be  filtered, 
and  the  cyanide  of  mercury  is  deposited  in  a  crystallized  form 
on  cooling.  By  repeated  evaporation  and  cooling,  all  the 
cyanide  that  is  capable  of  crystallizing,  will  be  separated, 
mingled  however  with  some  oxide  of  iron.  To  purify  it^ 
\  Proust  recommends  that  it  be  re-dissolved ;  boiled  with  an 

\  excess  of  oxide  of  mercury ;  and  again  filtered.    The  liquid 

retains  an  excess  of  the  oxide,  which  may  be  saturated  by 
adding  hydro-cyanic  acid,  for  the  oxygen  instantly  passes  to 
the  hydrogen  of  the  acid,  and  the  cyanogen  to  the  mercury. 
The  cyanide  may  now  be  crystallized  again ;  and^  if  intended 
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for  the  preparation  of  cyano^n,  it  must  be  thoroughly  drie^^ 
avoidiiig  however  more  heat  than  is  absohitely  necessary. 
-  Nitrate:  of  Mercury. — The  nitric  acid  diluted  with  three 
parts  of  water  dissolves  mercury,  both  with  and  without  the 
assistance  of  heat.  At  the  common  temperature,  but  little 
nitrous  gas  is  evolved ;  and  the  acid  becomes  slowly  saturated. 
Hie  solution  is  very  ponderous  and  colourless;  and  yields,  by 
evaporation,  large  transparent  crystals  of  pro^nitrate  of  mer* 
xury.  The  solution  does  not  become  milky  when  mingled 
with  water.  Pure  fixed  alkalis  give  a  yellowish  white  preci* 
pitate;  and  ammonia  a  greyish  black  one. 
,  But  if  heat  be  used,  and  the  acid  be  less  diluted,  a  brisk 
efl^rvescence  arises,  occasioned  by  the  escape  of  nitrous  gas^ 
^md  a  solution  is  obtained,  in  which  the  metal  is  more  highly 
t>xidated,  constituting  per^nilrate  of  mercury.  When  this  so* 
lution  is  poured  into  cold  water,  a  yellowish  white  sediment 
is  formed;  or,  if  into  boiling. water,  an  orange  coloured  one. 
Both  precipitates  consist  of  nitric  acid,  with  a  great  excess  of 
-oxide,  forming  an  insoluble  sulhpemitraie  of  mercury  ;  while 
«  super  salt  remains  in  solution. 

If  the  last»mentioned  solution  be  boiled  with  a  fresh  quan* 
tity  of  mercury,  the  newly  added  metal  is  taken  up,  without 
any  discharge  of  nitrous  gas,  the  metal  becoming  oxidized  at 
ibe  expence  of  that  already  dissolved.  ' 

When  the  nitrate  of  mercury  is  exposed  to  a  heat  gradually 
raised  to  600^  or  upwards,  it  is  deprived  of  water  and  of  most 
4>f  its  acid,  and  reduced  to  an  oxide,  which  has  the  form  of 
brilliant  red  scales.  This  substance,  commonly  called  red 
pretipUatey  is  termed  more  properly  the  fiilroxide  of  mercury  ; 
because  it  still  contains  a  small  proportion  of  acid.  i 

Fulminalmg  Mercury. — Mercury  is  the  basis  of  sifulmi^ 
mating  compound  discovered  by  the  late  Mr.  £.  Howard.  To 
prepare  this  powder,  100  grains  (or  a  greater  proportional 
quantity,  not  exceeding  500)  are  to  be  dissolved,  witli  heat,  in 
■a  measured  ounce  and  half  of  nitric  acid.  The  solution  being 
poured  cold  upon  two  measured  ounces  of  alcohol,  previously 
introduced  into  any  convenient  glass  vessel,  a  moderate  heat 
is.  to  be  applied  till  effervescence  is  excited.  A  white  fume 
then  b^ns  to  undulate  on  the  surface  of  the  liquor,  and  the 
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p^f^d^r  «iU  be  f^adoaUy  ptiiPCipitoMd  on  ib»  jWitatMin  «f  ao<* 
tion  wd  re-«etioo.  Xb^  pr^|HMte  U  to  be  iniMcttatelj  coi- 
]^iQ(cd  OD  A  filter,  wtell  wadbed  with  dj«tillad  wa^,  and  cau* 
tmisLy  4ri«d  tfi  ii  beat  not  exceaiUng  ibat  of  ;a  •water4Mitlu 
Tbe  iaHttediate  washing  of  ihe  powder  is  material,  because  k 
j»  iiable  io  Ibe  re^aclion  of  the  nitric  add ;  and  wbile  any  of 
^imt  acid  adherei  lo  it»  it  is  very  subjaet  to  be  deoomposed  by 
tbe  action  of  Ug^xU  Frow  100  gnains  of  mercury,  about  140 
INT  130  of  the  powder  are  obtained.*  This  powder  has  the 
property  of  detonating  loudly  in  a  gende  beat,  or  by  light 
friction.  Hence  it  has  been  proposed  as  a  means  of  firing; 
trdnance.  But  >an  accident  dMcribed  by  Professor  Silliman,. 
9^  haying  happened  in  his  laboratory,  shows  that  this  fidasi- 
natiag  compound  eaiplodes  from  auch  ti  jiiBg<»Hise8,  as  not  l» 
be  kept  without  danger,  even  when  sacnned  from  fiictioii  or 
)Mat.t 

SulfJmreis  iff  Mercurp.,^By  combioation  .with  snlpiMir,. 
WOKCury  afipffds  tvo  diatioct  compounds.  By  long  jeontioued 
ititHratimi  ^licse  two  bodies  unite,  and  fiMrm  a  Mack  aul^ 
phuret.  When  united  together  by  fiision,  and  afterwakk 
aahlinWil,  they  constitute  a  red  sulphuntt  cidled  cinnabar,, 
vbioh,  when  powdered*  .affiurds  the  commoyti  pigOMut  yn&r^ 
j»ilUou»  The  prooess  used  by  the  Dutch,  who  have  long  h^e* 
celebrated  for  the  prepanation  of  cinnabar,  is  described  in  the 
4ib  voiume  of  the  Atmaks  de  Ctimie^  or  in  Aikin's  Die* 
lioaai^,  wd.  ii.  This  coqipoiind  ako  may  be  obtained  by 
flsiKing  conoentrated  selutions  of  nunraate  of  maronry  and 
I^Mlroi^ulpkaret  of  smmonia.  A  brownish  muddy  precipitate 
fsobtained,  whidi,  when  left  undisturbed,  turns  yellow  io  three 
or  four  days,  ilien  orangey  and  finally  acquires  a  beautiM 
dnnabar  ooloor»t  It  is  from  a  natural  compound  of  mercury 
euid  suipbor,  called  fiaiiue  caaftaAor,  that  nmst  of  tlie  mercury 
flf  couMacroe  is  obiained,  by  distilling  the  compound  wit^ 
jran  filings. 

If  meraury,  like  other  metals,  «nite  with  iwiee  ilke  tfumtitf 
ff  sulphur  which  it  absorbs  of  oxygen,  the  prfiportioa  of  ii^ 


^  6m  i%U.  Trims.,  1600,  |>He  eu.         f  Miab.  PM.  Joam.  i.  %U. 
t  MmMsw's  Jsaiaal,  Ova.  i.  M9. 
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gredi^iU  in  iu  sulphurets  will  be  found   by  doubling  the 
oxygen  of  the  oxides,  and  they  will  be  composed  as  follows: 

Mercury.  Sulphur. 

Proto-sul])huret 100  ....     7.89* 

Bi*su]pIioret 100 15.7«8 

The  cQipposition  of  the  sulphurets  of  noercury  has  been 
investigated  experimentally  by  Guibourt,  with  results  very 
nearly  apprpachU^g  to  these  theoretical  quantities.*  The  first 
he  obtained  by  acting  pn. calomel;  and  the  second  on  cor- 
rosive sublimate,  with  sulpbureted  hydrogen.  Both  the 
resulting  compounds  were  black;  hut  the  latter  was  entirely 
ccHivertible  into  ci«pabar  Qf.the.usuaUc0loj\ir  by..au^Umation. 
Analysis,  by  di3UUation  mih  iron,  sliow^ ,  ti^m  ,lo  oomsiet 
.w  foUows : 

Mercury.  Sulphur. 

Proto-sulphuret 100 8.2 

Bi-sulphuret 100 16.0 

y^flM^€«^.~tMerGMRy  dft5solYesgQliI,;ailv^»  tio,  ^,9tmy 
^tf^ffinetaJas  and  if  tbise  be  combined  with  it  in  suffieioi^ 
jpwwtiiyf  Aeiiaercitry  iwnn  itaf  fluidity,  aadt  forma  aiiiuina^iain. 
^  0oyd  amalgBJBA^f  lead»  and  anollier.  of.  bismuth,  on  admx- 
ioM  iQgcibert  bar^tfae  singukri  property  «f  i«staftlly  beMm- 
ingJimd^  The extimandinary  powers^of :tiie.  base :of jMUBonJa 
injMidlflMpating  with^meroury,  h»ve.0li«fidyiiifleadMcrib«d 
in  qpeaking  of  that  alkali. 

By  copbiMUon  with  meroiiry,  jnelals  .that  mre  not  easily 
4iMidi«ed^«eqiiire  a  fiictiity.  o£  eoteriog-iiao  voion  with  oxygen. 
5II11H  .gQUiAnd  ^»ilTer,  «jien  combined  .avith  «[ierc»(y,  imb 
49^idiflidt by  j^jilatjan  itv  eowtaclv^ilJi  jsir.  TbiSi&ct^fiimiahaB 
a  striking  illustration  of  the  efiSRet'of  ovetc«»ming:tbeJaggfagar 
i^1wt4ffiaity;0e  bodias»  inipr«0i«lMl0ri:b#n»ieal  unimu 

"•  Ann.  de  Chiiii.  er  Phys.  ii.  4^5. 
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SECTION  XXXIV. 

Silver, 

Silver  is  a  metal,  which  admits  of  a  degree  of  lustre,  in- 
ferior only  to  that  of  polished  steel.  lis  specific  gravity,  after 
being  hammered,  is  10.51.  In  malleability,  ductility,  and 
tenacity,  it  exceeds  all  the  metals,  except  gold.  Its  fusing 
point,  us  determined  by  Dr.  Kennedy,  is  22^  of  Wedgwood's 
pyrometer.  By  considerably  raising  this  heat,  it  may  be  vo- 
latilized ;  and,  by  slow  cooling  of  the  fused  mass,  it  may  be 
made  to  assume  a  regular  crystallized  form. 

To  obtain  silver  in  a  state  of  purity,  Mr.  Donovan  recom- 
mends, that  240  grains  of  standard  silver  be  dissolved  in  as 
much  pure  nitric  acid  of  specific  gravity  about  1.2.  as  will  be 
barely  necessary  for  solution.  This  is  to  be  filtered,  and  dis- 
tilled water  allowed  to  run  through  the  filter,  until  the  fluids 
amount  to  two  ounce  measures.  A  bright  plate  of  copper 
weighing  upwards  of  64  grains  is  to  be  immersed  and  fre- 
quently agitated  in  it.  When  the  silver  has  entirely  preci- 
pitated, which  will  very  soon  happen,  the  clear  supernatant 
liquor  is  to  be  poured  off,  and  the  precipitate  to  be  well 
washed  with  pure  water.  The  silver  is  then  to  be  boiled  for  a 
few  minutes  in  liquid  ammonia.  It  is  then  to  be  well  washed 
with  water  and  dried  on  a  filter ;  after  which,  if  required,  it 
may  be  melted  in  a  crucible.^ 
\  The  chemical  properties  of  silver  are  the  following : 

h  Oxides  of  Silver. — Silver  is  diflScuItly  oxidized  by  the 
concurrence  of  heat  and  air.  The  tarnishing  of  silver  is  owing 
not  to  its  oxidation  merely,  but  to  its  union  with  sulphur,  as 
Proust  has  satisfactorily  shown. 

By  transmitting  a  Galvanic  or  electric  discharge  through 
diver  wire,  it  is  oxidized;  and  by  long  exposure  of  silver  to 
heat,  with  free  access  of  air,  it  is  at  length  converted  into  an 
olive-coloured  glass. 

From  some  curious  facts,  which  are  stated  by  Mr.  Lucas  in 
vol.  iii.  N.  S.  of  the  Manchester  Society's  Memoirs,  it  appears 

*  Pbil.  Magaximi,  xlvii.  305. 
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that  silver,  when  melted,  and  exposed  to  a  current  of  air  or 
of  oxygen  gas,  forms  a  temporary  union  with  oxygen,  which 
is  again  given  off  in  the  state  of  gas,  when  the  metal  cools 
spontaneously,  or  is  poured  into  cold  water.  This  property, 
it  has  been  shown  by  Cheviilot  (Ann.  de  Chim.  et  Phys.  xiii. 
299)  belongs  only  to  pure  silver,  and  not  to  silver  alloyed  even 
with  a  very  small  proportion  of  copper. 

The  oxide  of  silver  may  be  obtained  by  decomposing 
nitrate  of  silver  with  solution  of  baryta ;  and,  after  washing 
the  precipitate  sufficiently,  heating  it  to  dull  redness.  It  has 
an  olive  colour,  and  is  composed,  according  to  Sir  H.  Davy, 
of  100  parts  of  silver  united  with  7.3  oxygen,  or,  according 
to  Dn  Wollaston's  scale,  7.4.  A  larger  proportion  of  oxygen 
was  formerly  assigned  by  Berzelius;  but  he  has  recently  given 
the  following  statement : 

Silver 93.12  ....  100. 

Oxygen 6.88  ....       7.3986 

100.  107.8986* 

Taking  the  proportion  of  oxygen  which  combines  with  100 
parts  of  silver  at  7.3,  the  equivalent  number  for  silver  will 
be  II 0.  No  other  oxide  of  silver  has  been  actually  ascer- 
tained to  exist ;  though  from  the  experiments  of  Mr.  Faraday, 
there  seems  reason  to  believe  that  the  pellicle,  which  forms 
spontaneously  on  an  ammoniacal  solution  of  oxide  of  silver 
exposed  to  the  air,  is  a  protoxide  of  that  metal,  in  which  the 
oxygen  is  to  the  silver  as  7.5  to  157.4..t  Dr.  Thomson  admits 
it  to  be  a  distinct  oxide,  and  considers  it  as  constituted  of  3 
atoms  of  silver  =  330  +  2  atoms  of  oxygen  =  16. 

II.  Chloride  of  Silver.^^Silyer  combines  with  chlorine, 
under  some  circumstances,  .with  the  appearance  of  com- 
bustion. The  result  is  a  substance  called  chhride  of  silver^ 
which  may  be  obtained  more  easily  by  adding  a  solution  of 
nitrate  of  silver  to  one  of  chloride  of  sodium  (common  salt) 
and  edulcorating  and  drying  the  precipitate.  This  precipitate, 
if  exposed  to  the  light,  and  especially  to  the  sun's  direct  raysj 
becomes  darker  in  colour  and  finally  black.    When  heated  lo 

*  Annals  of  Phil,  xv  93^  f  Journ.  of  Sctwice,  iv.  970. 
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^  4tiU  xedom^  in  it  silvor  cruciMe,  it  meiu,  anfl  pn  cooliim; jToripi^ 
A  jnass  which  Jias  the  io)perfect  trausparency  of  horii,  and  h^ 
bWQe  hew  -called  hiNa  corma  or  /loni  silver,  Jt  waa  formerly 
conaidaved  as  a  compound  of  oxide  of  ail  ver -with  dry  muriatic 
;acids^aiKl  iu  composition  was  staled  as  follows.  One  hundred 
girains.oQDtauij 

Acid.  Base. 

According  to  Dr.  Marcet  ....   19.Q5     •  • .  •  80.95 

' —  Gay  Lu»sac  . . .  •  19.28     ....  80.72 

' Ber^lius. 19.035  .  •  • .  80.965 

Horn  aiWar  is  now,  .however*  regarded  as  a  chloride  of  that 
n^tal.  To  convert  the  old  statement  of  its  composition  in(<» 
tfie  n»Wf  it  is  only  neoetssary  to  calculate  the  pxygen  contained 
in  the  oqude^  to  add  it  to  the  muriutic  acid,  and  to  ooufsider 
the  sum  as  chlorine,  llius  80.95  of  basecpntain  5«50  oxygw 
(rating  the  oxide  at  100  metal  +  7.3  oxygen)  and  19.05  + 
5.50  =  24.55  shows  tlie  quantity  of  chlorine  in  100  grains  of 
horn  silver,  according  to  Dr.  Marcet's  statement. 

To  know  tlie  composition  of  chloride  of  silver,  100  grains 
of  ,the:metal  mfty  be  dissolved  in  nUdc  acid)  i^pd  precipitfited 
by  a  solution  of  common  salt.  The  precipitate  being  care- 
fully wash^t  dried,  and  fus^,  ihe  increase  of  weight  on  the 
ailver  slv>ws  the  quantity  of  chlorine  which  has  been  guified* 
Differeait  qhemiats  have  given  different  statements.  Wena^ 
jfound  ihat  100  of  silver  gave.lSM  of  chloride;  Davy,  ldS^.5; 
Buc^oUf  Kose,  Marcet,  and  Gay  Lussac,  133<3;  and  Bejr- 
:^liuf,  from  several  experiments,  considers  132.75  as  the  tr.ue 
firodtict.*  Takiqg  JSir  H.  Davj^'s  ri^uU,  the  compositip^v  of 
chloride  of  silver, is 

Silver 75^ IM 807^69 

Chlorine 24.5 82.5  ••*•  lOa 

IQU. 
Aqd  jthie  e<)uii$a^t  numbcHr  iwr  nUverj  dedi|oihle  A^ofp  4his 
Malysisy  js  l|i0.7,  &om  Oeraeliua's  109.9.    It  will  perh^ips  be 
m^  oearithe  truth  }if  :tak«o.at  HIA  .A.i|fni|b<ur><VBreei^g  »^fb 
«lMt  indicaHrf  by  the^cqynpoait^on  of  vboio^ide. 
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CMpiMe  of  iiilv^r  is  kmUhk  in  waiM,  ]mtk  v«Ay  iolvW^ 
in  liquid  ammonia.  The  solution  sometimes,  witen  heoteid^ 
nffords  fulmin«((if}g  silvers  aotl  should  iberefcHre  be  ti*eat«d  with 
ttmiQD.  It  furnisbeB  etj^stak,  which,  by  exposure  to  ihe«MV 
IMse  deocHBposed,  ibe  ammonia  esioapiiig,  and  cbloride  of  silv<9r 
remniniog.  Cbloride #f  sAv^  also  dissdves  in  byporsiilphiiroii^^ 
Mid-  It  is  ilecomposed  by  «  stream  of  hydrogen  gas^  and^ 
when  flaoistened  with  watei;,  by  jmy  materials  capable  of 
t^Sordnkg  hydr^^Hi  such  as  gmc  filings  and  dilute  sulphuric 
Mid.    jSij^c  iiud  tA9  decompose  it  also  in  the  dry  way. 

If  a  little  fused  chloride  of  silver  and  a  little  zinc  be  heated 
ll^etber  in  m  ghm  Aube,  a  viokut  action  takes  place,  chloride 
of  ^inc  is  IbmKed,  And  silver  set  at  liberty,  and  the  hevil. 
jpmecally  rises  hi^  enough  to  fuse  the  silver.  Zioc  aloiie» 
broi^bt  i«to  ccmlact  wjili  mojst  chloride  of  silver,  decompe^e^ 
U;  bat  hydrcigeo,  freed  froim  all  impurities  and  directe^l  uftom 
VKHiMiened  cbloride  of  silver  in  4he  dark,  ^ttocta  no  chsMgc^ 
whatever.  (FM*aday,  Jouni.  of  Science  viii.  87f ») 

Jioiide  4if  Mher  as  formed  when  hydriodic  add  is  sMided  U> 
^itciite  ^  silver.  U  U  inaoMUe  both  in  water  and  amttpnia  ; 
tmB  agvaeni^h  yeUow  eohwr ;  and  is  decompoted  when  healed 
:witb  potassa. 

III.   Salts  of  Silver. 

CUar^U  €f  julmr  vmf  he  obtained  hy  jdigesting  oxide  of 
aahrar  mi^  chloric  acid.    It  forms  small  rhomboidal  evystals. 

lodaiM  ffMlmr  is  piecipitated  hy  iodicacid  ftom  the  nitrate.^ 
It  isa  vhke  powder,  iaaduhlie  in  water,  but  very  soluble  ha 
ammonia. 

Hjfpo^mlphUe  of  sUner  may  he  fimned  by  «fttxiog  hypo* 
anipliile  of  soda  with  dilute  nitrafte  of  aihrer,  or  by  dissolving 
idbkwide  of  9ilvttr  in  aay  of  die  hyfK>;«tlphile8.  Theugh 
limnedxif  ingBediants  that  haFC  anetallic  end  very  bitterlasle^ 
its  flavour  is  lAtensely  sweet. 

Sfdpkate  of  Siiatr^ — Sutphuiie  acid  acts  on  siliaic  wheiv 
WafffI,  oxkKasa  and  dissolves  it ;  hut  the  sulphate  of  aihrnv 
which  is  a  very  usefid  test,  is  bettor  fprased  by  precipitaCiBg 
fiitrafle  of  silver  wiUi  eaviioBale  of  soda,  eduloaniting  the  pee^ 
cipitate,  and  dissolving  it  in  dilute  -sulphuric  acid.  It  i<»raia 
atMU  hriiliant  needle  abeped  cqrstala,  .wbieh  requiw  «boat 
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90  parts  of  water  at  60^  for  solution,  but  dissolve  more  readily 
in  hot  water. 

Nitrate  of  Silver. — Nitric  acid,  diluted  with  from  two  to 
four  parts  of  water,  dissolves  silver  with  a  disengagement  of 
nitrous  gas.  If  the  silver  be  pure,  the  solution  is  colourless, 
otherwise  it  has  a  green  hue.  According  to  Proust,  nitrate 
of  silver  already  saturated,  if  boiled  with  powdered  silver, 
dissolves  an  additional  quantity  ;  and  a  solution  is  obtained, 
in  which  the  silver  is  oxidized  at  a  minimum.  This  sub- 
nitrate,  he  observes,  possesses  different  properties  from  the 
common  one.* 

Nitrate  of  silver  is  decomposed  by  muriatic  acid,  the  hy- 
drogen of  that  acid  passing  to  the  oxygen  of  the  oxide,  and 
the  chlorine  uniting  with  the  silver.  Chlorine,  also,  decom- 
poses nitrate  of  silver,*^  as  do  the  solutions  of  chlorides  and 
muriates  in  water.  By  this  property,  silver  may  be  separated 
from  several  other  metals.  When  standard  silver,  for  instance, 
is  dissolved  in  nitric  acid,  and  a  solution  of  common  salt  is 
added  to  the  liquid,  an  insoluble  chloride  of  silver  falls  down, 
and  the  copper  remains  in  solution.  From  the  chloride  of 
silver,  the  pure  metal  may  be  obtained,  by.  drying  it  and 
fusing  it  with  twice  its  weight  of  potassa  or  soda.  (See  Ann.  of 
Phil.  XV.  389.) 

A  solution  of  nitrate  of  silver  stains  animal  substances  a 
deep  black.  Hence  it  has  been  applied  to  the  staining  of 
hliman  air;  but,  when  thus  employed,  it  should  be  very  much 
diluted,  and  used  with  extreme  caution,  on  account  of  its 
corrosive  quality. 

White  paper,  or  white  leather,  when  stained  with  a  solu* 
tion  of  nitrate  of  silver,  in  the  proportion  of  ten  parts  of 
water  to  one  of  the  salt,  undergoes  no  change  in  the  dark ; 
but  when  exposed  to  the  light  of  day,  it  gradually  acquires 
colour,  and  passes  through  a  succession  of  changes  to  black* 
The  common  sun*beams,  passing  through  red  glass,  have  very 
little  effect  upon  it;  yellow  and  green  arc  more  efficacious ; 
but  blue  and  violet  produce  the  most  decidedly  powerful 
effects.     Hence  this  property  furnishes  a  method  of  copying 

•  Nidiolson't  Journal,  xv.  37S.  f  Ado.  of  Pliil.  N.  S.  iii.  S14. 
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paintings  on  glass,  and  transferring  them  lo  leather  or  paper. 
The  process  is  described  by  Mr.  T.  Wedgwood,  in  Nichol*. 
son's  Journal,  8vo.  iii.  167. 

By  a  similar  process,  ivory  may  be  covered  with  silver. 
Let  a  sh'p  of  ivory  be  immersed  in  a  dilute  solution  of  pure 
nitrate  of  silver,  till  the  ivory  has  acquired  a  bright  yellow 
colour.  Then  remove  it  into  a  tumbler  filled  with  distilled 
water,  and  expose  it  to  the  direct  light  of  the  sun.  After  two 
or  three  hours'  exposure,  it  will  have  become  black ;  but  on 
rubbing  it  a  little,  the  surface  will  be  changed  into  a  bright 
metallic  one,  resembling  a  slip  of  pure  silver.  As  the  solution 
penetrates  deep  into  the  ivory,  the  bright  surface,  when  worn 
away,  is  replaced  by  a  succession  of  others. 

The  solution  of  nitrate  of  silver,  when  evaporated,  forms 
regular  crystals.  These  cr}'Stals  fuse  when  heated ;  and  being 
poured,  in  this  state^  into  heated  moulds,  form  the  common 
limar  caustic.  Fused  nitrate  of  silver,  according  to  Proust^ 
is  composed  of 


Silver 64' 

Oxygen 6  ^ 

Nitric  acid 30 


J?  ....  70 


100 

This  statement,  however,  cannot  be  correct,  as  it  assigns 
too  large  a  proportion  of  oxygen  to  the  oxide,  viz.  8.6  to  100 
grains  of  silver. 

Nitrate  of  silver  is  decomposed  by  other  metals.  Thus  the 
surface  of  a  plate  of  copper,  to  which  the  solution  is  applied,, 
becomes  plated  over  with  silver.  The  first  part  of  the  de- 
posit. Gay  Lussac  finds,  is  perfectly  pure  silver.  The  latter 
portions  contain  an  admixture  of  copper,  which  may  be 
removed  by  a  fresh  solution  of  nitrate  of  silver.  If  a  little 
mercury  be  poured  into  a  bottle  filled  with  the  solution  of 
nitrate  of  silver,  and  the  bottle  be  left  some  time  undisturbed, 
the  silver  is  precipitated  in  a  beautiful  form  resembling  the 
branches  of  a  tree,  which  has  been  termed  Arbor  Dian<e. 
The  most  successiul  process  for  obtaining  this  appearance, 
Baum4  assures  us;  is  the  following :  Mix  together  six  parts  of 
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a  soiotion  of  silter  in  nitric  acid)-  amd  four  of  a  sokitidBof 
aneretiry  m  the  sftme  acid,  both  coflipletdjr  saturated*  Add  A' 
small  quantity  of  distilled  water;  and  put  the  mixture  infaa- 
^conical  glass,  containing  six  parts  of  an  amalgam^  awde  #ith 
seven  parts  of  mereury  and  one  of  sthrer.  At  the  end  of  somd 
^faofirs,  tbere  appears  on  the  surface  of  kbe  amalgam  a  precipi* 
tate  in  the  form  of  a  y^tation.  According  to  Proust,  how- 
ever, this  complicated  process  i&  quite  unnecessary ;  and  all 
that  is  reqaired  is  to  throw  mercury  into  nitrate  of  diver  very 
much  diluted*  A  beautiful  arborization  of  reduced  silver,  lie 
observes^  will  be  produced  without  difficulty. 

The  solution  of  nitrate  of  silver  is  decomposed  by  okareoal^ 
and  by  hydrogen  gas  and  its  compounds.  This  may  be  shown 
by  experiments  precisely  similar  to  those  already  directed  to 
be  made  with  muriate  oF  gold.  A  stick  of  clean  phosphorus^ 
■also,  immersed  in  a  dilute  solution  of  nitrate  of  stiver,  in  tlie 
4sourse  of  a  few  days  becomes  beautifirfly  gUt. 

Fulminating  Silver. — Precipitate  nitrate  of  silver  by  lim^ 
water,  and  thoroughly  edulcorate  and  dry  the  precipitate. 
X.et  this  be  afterward  put  into  a  vessel  of  the  purest  liquid 
ammonia,  in  which  it  may  remain  for  ten  or  twelve  hours.  It 
^ill  then  assume  the  form  of  a  black  powder,  from  which  the 
fluid  is  to  be  decanted,  and  the  black  substance  left  to  dry  in 
.the  air.  This  is  the  celebrated  compound  termed  ftdminating 
silver^  which  detonates  with  the  gentlest  heat,  and  even  with 
the  slightest  friction.  It  may  be  formed,  also,  by  boiling  any 
precipitated  oxide  of  silver,  for  a  few  moments,  in  a  mixed 
solution  of  potassa  and  ammonia.  The  protoxide,  however, 
descril>ed  by  Mr.  Faraday,  does  not  aiFord  it.  When  once 
prepared,  no  attempt  must  be  made  to  enclose  it  in  a  bottle, 
and  it  must  be  left  undisturbed  in  tire  vessel  in  which  it  was 
dried.  Great  caution  is  necessary  in  the  preparation  of  this 
substance,  for  in  making  experiments  on  it,  several  fatal 
accidents  having  been  produced  by  indiscretion  in  its  use.  It 
/eren  explodes,  when  moist,  on  the  gentlest  friction.* 

Another  detonating  compound  of  silver;  formed  by  a  pro-» 
<S&S&  similar  to  that  employed  in  making  the  folminafCing 

*  See  Count  Rumford's  papers,  Phil,  trans.,  tiy^. 
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mcrcu!^  of  Mr.  Howard,  has  been  clesoribed  by  Descotilsi'i^ 
It  is  prepared  by  adding  alcohol,  to  a  healed  solution^  of 
stiver  in  nitric  aeid>  while  the  solatioa  is  yet  going  on.  Con- 
siderable effervesceiloe  arises;  the  liquor  presently  becomes 
turbid  I  add  a  heavy,  white,  crystalline  powder  falls  down. 
Tiis,  when  washed  and  dried,  is  die  detionaiing  silver.  Heaty 
a  slight  blow,  or  long  continued  friction;^  cause  it  to  inflame 
with  fr  brisk  detonation.  Pressure  alone  is  not  sufficient 
unless  very  powerful  U  detonates  by  the  electric  spark,  and 
is  set  on  fire  with  an  explosion  by  concentrated  sulphuric  acid* 
Both  in  the  preparation  of  this  substance,  and  in  experiments 
on  its  detonation,  much  caution  is  necessary ;  and  only  very 
small  quantities  should  be  employed.  This  preparation  was 
originally  discovered  by  Mr.  E.  Howard.  In  repeating  his 
process,  Mr.  Cruickshank  dissolved  40  grains  of  silver  in  two 
ounces  of  strong  nitric  acid,  diluted  with  an  equal  weight  of 
water.  Then  by  heating  the  solution  with  two  ounces  of 
alcohol,  he  obtained  60  grains  of  a  white  powder,  which 
detonated  violently. 

Muriatit  Otid  does  not  act  on  metallic  silver,  except  by 
long  continued  boiling,  and  then  only  in  a  small  degree.  But 
when  two  small  slips  of  zinc  and  of  silver  are  fastened  toge- 
ther, and  immersed  in  dilute  muriatic  acid,  the  silver,  being 
rendered  negative  by  the  zinc,  acquires  a  coating  of  chloride 
of  silver. 

A  very  useful  solvent  of  silver  has  been  discovered  by  Mr. 
Keir  of  Birmingham.  It  is  formed  by  dissolving  one  part  of 
nitre  in  about  eight  or  ten  parts  by  weight  of  concentrated 
sulphuric  acid.  This  compound  (which  may  be  called  inlro^ 
sidphuric  acid)  when  heated  to  between  100°  and  200°  Fahr., 
dissolves  one-fifth  or  one-sixth  its  weight  of  silver,  with  an 
extrication  of  nitrous  gas ;  and  leaves,  untouched,  any  copper, 
gold,  lead,  or  iron,  with  which  the  silver  may  be  combined* 
Hence  it  is  a  most  usefol  agent  in  extracting  silver  from  old 
plated  goods.  The  silver  may  be  recovered  from  the  solution 
by  adding  muriate  of  soda,  which  forms  chloride  of  silver ; 

*  Nicholson's  Journal,  xviii.  140. 
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and  this  may  be  decomposed  by  carbonate  of  soda,  in  the  way 
which  has  already  been  described. 

Phosphate  of  silver  is  a  compound  of  some  importance,  from 
its  use  in  preparing  chloric  acid.  To  obtain  it,  crystals  of 
nitrate  of  silver  may  be  dissolved  in  pure  water,  and  a  solution 
of  phosphate  of  soda  be  added.  The  neutrality  of  the  nitrate 
of  silver  is  destroyed,  and  though  the  phosphate  contains  an 
excess  of  alkali,  the  resulting  liquor  is  acid.  The  precipitate 
is  of  a  yellow  colour.  When  washed  and  dried,  it  is  fusible 
at  a  red  heat  without  any  farther  loss  of  weight.  It  consists, 
according  to  Berzelius,*  of 

Phosphoric  acid 1 7.025  ....  100. 

Oxide  of  silver 82.975  ....  487.88 


100. 

Hydrocyanic  acid  and  hydrocyanate  of  potassa  decompc^e 
the  solutions  of  silver,  and  precipitate  a  cyanide  of  that  metal, 
from  which  cyanogen  may  be  separated  by  heat  The  ferro- 
prussiates  throw  down  a  precipitate  which  is  at  first  white^  but 
by  expoburc  to  the  light  becomes  blue. 

Sulphurei  of  Silver, — Silver  is  acted  on  by  sulphurets  of 
alkalis,  and  by  sulphureted  hydrogen  gas.  Both  these  sub- 
stances blacken  silver  when  exposed  to  their  operation ;  and 
the  common  tarnishing  of  silver  by  the  atmosphere  has  been 
traced  to  a  similar  cause.  They  precipitate  silver,  also,  from 
all  its  solutions  of  a  black  colour.  Sulphurct  of  silver  1ms 
been  analyzed  by  Berzclius,  and  found  to  consist  of 

Silver 87.032 100. 

Sulphur 12.968 14.9 

100.  114.9 

Alloys. — Silver  is  capable  of  being  united  with  most  other 
metals.  When  alloyed  with  copper,  in  the  proportion  of  0.90 
to  11.10,  it  constitutes  the  standard  silver  of  this  country. 
This  combination,  though  iu  colour  differs  but  little  from  that 


•  Ann.  de  Chim.  et  Phys.  ii.  laS. 
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of  pure  silver,  is  mach  bAr4ler^  and  better  acUptecl  for  tiie  pur- 
pose of  coin,  and  of  domestic  implemeiMB.  Silver  of  codi* 
merce  is  composed  of  37  parts  of  fine  silver  to  S  of  co}>pcr ; 
but  the  fine  silver,  being  obtained  by  cupellaiion,  contains 
gold,  whieb  is  left  after  solution  by  acids,  eitlier  in  the  form 
of  purple  protoxide,  or  black  peroxide. 

The  object  of  cupellaiion  is  to  oxidize  the  baser  metals  that 
may  be  mixed  with  silver ;  and  to  remove  the  oxide  when 
formed,  leaving;  the  silver  pure.  To  assist  this,  a  proportion 
of  some  metal  is  added,  which  is  not  6nly  readily  oxidizable, 
but  which  affords  a  fusible  oxide.  Lead  is  generally  employed 
for  this  purpose.  A  small  shallow  crucible,  called  a  cupel 
(which  is  best  made  of  the  internal  slough  of  a  bullock's  horn 
calcined  to  whiteness),  is  heated  to  redness  under  a  muffle. 
Upon  this  a  small  button  of  pure  lead  is  first  placed ;  ami 
then  the  silver,  laminated,  accurately  weighed,  and  wrapt  in 
lead  foil.  The  metails  melt  together,  and  an  appearance 
called  fulguration,  or  scintillation,  ensues.  The  lead  is  gra- 
dually oxidized,  and  the  oxide  carries  down  the  baser  metals 
into  the  cupel,  a  button  of  pure  silver  being  finally  left.  The 
process  requires  a  nice  regulation  of  the  heat,  and  its  success 
depends  greatly  on  the  skill  and  experience  of  the  operator. 
In  cooling  tlie  button,  care  also  is  necessary,  as  the  accuracy 
of  the  result  is  apt  to  Ijc  destroyed  by  tlie  spirting  of  the  fluiil 
metal  from  beneath  the  congealed  crust. 


SECTION  XXXV. 

Gold. 

To  obtain  gold  in  a  state  of  purity,  one  part  by  weight  of 
standard  gold  may  be  dissolved  in  ihrqe  of  niiro^inurialic  acid 
(composed  of  one  part  by  weight  nitric,  and  two  muriatic 
apkk) ;  and  to  expel  the  excess  of  acid,  the  solution  may  be 
eiBapoi'ftled  to  dryness,  taking  care  to  use  a  gentle  heat  at  the 
last.  The  dry  mass  may  be  re-difi«olvc<I  in  water,  and  to  tb^ 
cli^pjr  iiquiil,  a  soluxioaof  gveensulpbaiteof  iron  may  be  added. 
The  gold  will  be  precipitated  in  the  state  of  a  fine  powder, 
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which,  after  being  washed  first  with  cHiuted  nitric  acid,  and 
th»i  with  distilled  water,  may  be  either  preserved  for  solution 
in  powder,  or  fused  into  a  mass. 

The  external  qualities  of  gold  are  the  following : 

It  has  an  orange  or  reddish  yellow  colour;  and  may  be 
made  to  assume  a  degree  of  lustre  inferior  only  to  that  of  steel, 
platinum,  silver,  and  mercury. 

Its  specific  gravity  varies  a  little  according  to  the  mechanical 
processes  which  it  has  undergone ;  but  it  may  be  stated,  on 
the  average,  at  19.3. 

It  exceeds  all  other  metals  in  ductility  and  malleability, 
and  may  be  beaten  into  leaves  ^-g-^Voijtb  of  an  inch  in  thick- 
ness. 

It  is  considerably  tenacious ;  for  a  wire  only  i^^thg  of 
an  inch  diameter  will  sustain  a  weight  of  150  lb. 

Gold  may  be  melted  by  a  moderate  red-heat :  viz.  at  about 
32^  degrees  of  Wedgwood's  pyrometer.  The  intense  heat  of 
a  glass-house  furnace  has  no  other  effect  than  to  keep  it  in  fu- 
sion. And  even  exposure  to  Mr.  Parker's  powerful  burning 
lens,  for  several  hours,  occasioned  no  loss  of  weight.  After 
fusion,  it  crystallizes  in  short  quadrilateral  pyramids. 

Pure  gold  is  not  oxydized  by  exposure  to  heat  with  the  ac- 
cess of  air ;  but  it  may  be.  brought  to  the  state  of  a  pui*ple  oxide 
by  transmitting  through  goid  leaf  or  wire,  cither  a  powerful 
electrical  or  galvanic  discharge. 

j^ciion  of  Solveiits. — Sulphuric,  nitric,  and  muriatic  acids, 
have  separately  no  evident  action  on  gold ;  but  the  last  men- 
tioned acid,  Proust  has  observetl,  by  long  boiling  with  finely 
divided  gold,  dissolves  a  small  portion.  Neither  does  any  acid 
of  which  oxygen  is  the  acidifying  principle,  except  concen- 
trated sulphuric  and  nitric  acids,  dissolve  the  oxides  of  gold,  and 
even  those  acids  do  not  form  permanent  compounds.  Nitric 
acid  dissolves  it  only  when  heated,  and  deposits  it  again  in  the 
state  of  a  hydroxide  on  adding  water.  Sulphuric  acid,  on  the 
other  hand,  dissolves  oxide  of  gold  at  common  temperatures, 
but  decomposes  the  oxide  when  heated  in  contact  with  it. 
(Pelletier,  An.  de  Cb.  et  Phys.  xv.) 

Chlorides. — The  proper  solvents  of  gold  are  chlorine  and 
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nitro  muriatic  acid.  Oberkampf  *  prefers  the  former,  because 
■a  purer  solution  is  obtained,  and  one  which  can  more  easily 
be  freed  from  an  excess  of  acid.  Gold  leaf,  introduced 
into  chlorine  p;as,  takes  fire  and  burns.  But  if  gold  leaf  be 
suspended  in  water,  into  which  chlorine  gas  is  passed,  it  is 
dissolved,  and  the  solution  may  be  concentrated  by  evapora- 
tion. 

To  dissolve  gold  in  nitro-muriatic  acid,  Vauquelinf  re- 
verses the  usual  proportions,  and  mixes  two  parts  by  weight 
of  muriatic  acid  with  one  of  nitric.  Three  parts  of  an  aqua 
regia  so  composed,  are  equivalent,  he  finds,  to  four  made  with 
the  common  proportions. 

The  solution  of  gold  (in  whatever  way  prepared)  has  an 
orange  3'ellow  colour ;  but  this,  Oberkampf  finds,  is  owing  to 
an  excess  of  acid,  and  it  passes  to  a  brownish  red,  as  soon  as 
the  redundant  acid  is  neutralized  or  expelled  by  heat  The 
solution  should,  therefore,  be  evaporated  to  dryness,  and  the 
<lry  mass  (care  being  taken  not  to  heat  it  too  strongly)  re- 
dissolved  in  water.  Or,  to  avoid  all  risk  of  decomposition, 
the  liquid  may  be  removed  from  the  fire,  when  sufficiently  con- 
centrated to  become  solid  on  cooling.  The  solid  obtained  has 
a  deep  brownish  red  colour,  is  very  fusible,  and  readily  dis- 
solves in  water,  giving  a  reddish  yellow  solution.  The  solu- 
tion, Pelletier  believes  to  be  a  real  chloride^  and  not  a  muriate^ 
though  occasionally  it  contains  a  little  free  muriatic  acid.  If^ 
instead  of  removing  the  mass  from  the  fire,  it  be  heated  still 
longer,  chlorine  is  disengaged,  and  a  lemon  yellow  compound 
is  left,  which  is  a  sub-chloride,  |3y  strongly  urging  the  heat^ 
the  whole  chlorine  is  expelled,  and  metallic  gold  only  remains. 

Concentrated  sulphuric  acid,  poured  into  the  solution  of 
chloride  of  gold,  throws  do^n  an  anhydrous  chloride.  If  heat 
be  applied,  chlorine  is  disengaged,  and  a  yellow  sub-chloride 
falls ;  or,  if  the  heat  be  continued,  metallic  gold  is  separated. 
Arsenic  and  phosphoric  acids  produce  the  same  effects. 

According  to  Pelletier,  there  are  two  chlorides  of  gold. 


«  80  Ann.  de  Chim.  140.  t  7T  Ann.  da  Cbim.  399. 
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Metftl.  Chlorine. 
The  proiochlorUiey  orsubehloride  =  100  +  14.715 
The  perchioride      (soluble)  =  100  +  44.145 

It  is  in  the  state  of  perchloride  that  gold  exists  when  dis- 
aolved  by  aqna  regia. 

The  sabchloride  of  gold,  on  adding  water  to  it,  is  converted 
into  one-third  metallic  gold,  and  two-thirds  chloride.  Acids^ 
containing  no  water,  do  not  produce  any  change  on  the  subchio* 
ride;  but  dilute  acids  convert  it  into  metallic  gold  and  chlo- 
ride of  gold,  the  hitter  remaining  in  solution.  Hence,  by 
acting  with  acids  on  gold  treated  with  aqua  regia^  we  cannot 
obtain  salts  with  base  of  oxide  of  gold,  for  that  product,  being 
a  true  chloride,  contains  no  oxygen.  For  the  same  reason,, 
sulphate  or  phosphate  of  soda ,  added  to  the  solution,  do  not 
form  sulphate  or  phosphate  of  gold.  When  sulphate  or  nitrate 
of  silver  is  added  to  the  chloride  of  gold,  the  whole  of  the 
sulphuric  or  nitric  acid  remains  in  the  liquor,  and  a  brownish 
yellow  precipitate  is  formed, which  is  a  mixture  of  chloride  of 
silver  and  oxide  of  gold.  TIic  latter  is  taken  up  by  muriatic 
acid.  This  precipitate,  if  dried  and  heated  in  a  retort,  yields 
oxygen  gas  by  the  decomposition  of  the  oxide  of  gold. 

When  pure  potassa,  not  in  excess,  is  added  to  liquid  chlo- 
ride of  gold  at  common  temperatures,  no  immediate  precipi- 
tation  ensues.  After  some  time,  however,  or  immediately  if 
heat  be  applied,  a  very  light  bulky  reddish  yellow  precipitate 
appears,  containing  only  five-sixths  of  the  gold  present  in  the 
chloride.  An  excess  of  alkali  re-dissolves  much  of  this  pre- 
cipitate; which  is  a  InjdraUd  oxide  of  gold  with  a  little  chlo- 
ride. But  iF,  instead  of  adding  more  alkali,  the  precipitate  be 
well  washed  with  water,  and  dried,  it  shrinks  greatly  in  bulk^ 
and  a  lilack  powder  remains,  which  is  not  entirely  soluble  in 
puiriatic  acid. 

If  a  considerable  excess  of  potassa  be  mixed  with  the  chlo- 
ride of  gold,  tlie  supernatant  liquid  acquires  a  light  greenish 
yellow ;  and  a  blackish  sediment  is  formed,  in  which  not  more 
than  yi^th  of  the  gold  is  found  that  was  held  in  solution.  The 
remaining  /^ths,  united  with  oxygen,  have  combined  with  the 
potassa,  which  acts  the  part  of  a  base,  while  the  oxide  of  gold 
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serves  as  a  salifying  principle.  To  tbis  eompoviMl,  PdleCtor 
ffves  the  name  of  ^tirate  ofpotasaa.  Oxide  of  gold  sppcars^ 
therefore,  adapted  to  unite  with  bases,  rather  than  itself  to  form 
«  base  for  combination  with  acids,  with  most  of  which  it  refnseB 
to  unite. 

The  precipitation  of  gold  by  a  due  quantity  ofpoCnssa  seeiM 
to  be  the  effect  of  a  doable  aflini^,  the  obiorine  passing  to  the 
potassium,  and  the  oxygen  of  the  potnssa  to  the  gold.  Somo 
•chloride  of  gold  remains  undecomposed.  When  excess  of  po- 
tassa  is  used,  the  product  is  a  mixture  of  chloride  of  potassium 
and  aurate  of  potassa. 

Baryta  produces  similar  effects  on  chloride  of  gold,  but 
seems  to  hare  a  stronger  affinity  for  the  oxide. 

When  chlorides  of  potassium,  sodiuia,-  or  barium,  are  boiled 
with  oxide  of  gold,  the  resulting  liquid  contains  a  mixture  of 
aurate  of  alkali,  and  chloride  of  goM. 

Iodide  of  gold  may  be  obtained  by  acting  on  oxide  of  gold 
with  hydriodic  acid,  or  by  mixing  chloride  of  gold  with  hy* 
^riodate  of  potassa,  and  washing  and  drying  the  precipitate* 
It  is  insoluble  in  cold  water,  and  very  sparingly  soluble  in  hot» 
It  is  decomposed  by  heated  nitric  or  sulphuric  acids,  wliidfc 
mluoe  the  gold  and  set  iodhfie  at  liberty.  Liquid  alkalis  de- 
compose it  instantly,  and  it  is  ileconiposed  by  a  temperature  of 
STO^  Fahr.     k  is  constituted,  according  to  Pelletier,  of 

Iodine 34   100. 

Gold 66   194.1176 

100 

Oxides  of  Gold* — The  best  process  for  obtaining  oxide  of 
gold^  according  to  Pelletier,  is  to  precipitate  chloride  of  gold 
1^  magnesia.  Muriate  of  magnesia  is  formed^  which  may  be 
removed  by  washing,  and  the  excess  of  magnesia  may  be  dis*> 
eolved  by  diluted  nitric  acid.  In  this  case,  the  magnesia  ie 
dbubliless  first  cotH^rted  into  a  chloride,  and  parts  with  itt 
oxygen  to  the  gold.  The  oxide  must  be  dried  at  a  very  loir 
llMt. 

There  is  eonsiderable  disagreement  as  to  the  oonipositiott  of 
iktt  oxides  of  gold.    Oberfimvipf  dedoeeti,  as  a  meM  ef  tlivet 
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ezperimcnlSy  that  100  parts  cf  gold  unite  with  10.01  oxygen; 
Borzelius  makes  the  propoition  oF  the  latter  12.07;  and  Pelle- 
tin*,  from  the  composition  of  the  iodide,  deduces  it  tol)e  10*0S. 
This  is  assigned  as  the  composition  of  the  peroxide ;  but  be- 
sides this,  he  supposes  thnt  there  is  a  protoxide  containing  only 
one-thirdof  the  oxygen  which  exists  in  the  peroxide.  Their 
composition  may,  therefore,  be  stated,  according  to  Pellcticr,. 
as  follows : 

Metal.    Oxygen. 

Protoxide 100  +    S.S495 

Peroxide  ., 100  +  10.03 

Fulminating  Gold. — A  solution  of  pure  ammonia  separates 
from  the  solution  of  gold  in  nitro-muriatic  acid  an  oxide  of 
gold,  and  a  portion  of  ammonia,  uniting  with  the  oxide,  forms 
a  compound  which  detonates  very  loudly  in  a  gentle  heat,  and 
is  termed  fultninaiing  gold. 

To  obtain  this  compound,  add  a  solution  of  ammonia  in 
water,  or  the  pure  liquid  ammonia,  to  diluted  muriate  of 
gold ;  a  precipitate  will  appear,  which  will  he  re-dissolved  if 
too  much  alkali  be  used.  Let  the  liquor  be  filtered,  and 
wash  the  sediment,  which  remains  on  the  filter,  with  several 
portions  of  warm  w*ater.  Dry  it  by  exposure  to  the  air,  with* 
out  any  artificial  heat,  and  preserve  it  in  a  bottle,  closed,  not 
with  a  glass  stopper,  but  merely  by  a  cork.  A  small  portion 
of  this  powder,  less  than  a  grain  in  weight,  being  placed  on 
the  point  of  a  knife,  and  held  over  a  lamp,  detonates  violently^ 
The  precise  temperature  which  is  required  is  not  known,  but 
it  appears  to  exceed  2.50°  Fahrenheit.  At  the  moment  of  ex* 
plosion,  a  transient  flash  is  observed.  The  principal  force  is 
exerted  downwards ;  and  hence  two  or  three  grains,  exploded 
on  a  pretty  strong  sheet  of  copper,  will  force  a  hole  through 
it.  Neither  electricity,  nor  a  spark  from  the  flint  and  steel, 
are  suflicient  to  occasion  its  detonation;  but  the  slightest 
friction  explodes  it,  and  serious  accidents  have  happened  from 
this  cause. 

This  detonation  is  explained  as  follows:  Fulminating  gold 
is  aa  oxide  of  that  metal,  combined  with  ammonia.  .  When 
jls  teinpcrature  is  raiscil,  the  ammonia  is  decomposed ;  tht 
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hydrogen  of  the  alkali  unites  witi)  the  oxygen  of  the  oxide, 
and  reduces  the  gold  to  a  metnllic  state ;  nnd  nitrogen  gas, 
and  probably  aqueous  vapour,  arc  liberated  in  a  highly  ex- 
panded state.  The  violent  impulstc  of  these  ai'riform  products, 
on  the  surrounding  atmosphere,  appears  to  be  the  cause  of 
the  loud  noise  that  is  occasioned  by  the  explosion  of  this  com- 
pound. A  similar  explanation  may  be  applied  to  other  ful- 
minating compounds  of  metallic  oxides  with  ammonia;  such 
as  those  of  silver  and  mercury. 

Revival  of  Gold  from  Us  Solutions. — The  solution  of  chlo- 
ride of  gold  is  decomposed  by  certain  combustible  bodies, 
which  appear  to  act  by  furnishing  hydrogen  to  the  chlorine, 
and  reduce  the  gold  to  a  metallic  form,  as  in  the  following 
examples : 

(a)  Into  a  dilute  solution  ofchloridcof  gold,  contained  in  a 
glass  jar,  put  a  long  narrow  slip  of  charcoal,  and  expose  the 
whole  to  the  direct  light  of  the  sun.  The  gold  will  be  re- 
vived, and  will  appear  on  the  charcoal  in  a  metallic  state,  ex- 
hibiting a  very  beautiful  appearance.  The  same  change  en- 
sues without  light,  if  the  solution  be  exposed  to  a  ttinperaturc 
of212^ 

{b)  Moisten  a  piece  of  white  taffeta  riband,  with  the  dilute 
solution  of  gold,  and  expose  it  to  a  current  of  hydrogen  gas 
from  iron  filings,  and  dilute  sulphuric  acid.  The  gold  will 
be  reduced,  and  the  riband  will  be  gilt  with  the  metal.  By 
means  of  a  camel's  hair  pencil,  the  gold  may  also  be  so  applied 
as  to  exhibit  regular  figures,  when  reduced. 

(c)  The  same  experiment  may  be  repeated,  substituting 
phoq)hureted  hydrogen  for  common  hydi*ogen  gas.  The 
reader,  who  wishes  for  a  detail  of  various  experiments  of  a 
similar  kind,  may  consult  an  Essay  on  Combustion,  by  Mrs. 
Fulhame,  published  by  Johnson,  London,  1794*;  and  also 
Cound  Rumford's  paper,  in  the  Philosophical  Transactions^ 
1798,  page  449. 

(i/)  Several  of  the  vegetable  acids,  but  particularly  the 
oxalic,  decompose  chloride  of  gold  at  common  temperatures, 
especially  if  exposed  to  the  sun's  rays.  The  bin»oxalate  of 
potasta  is  still  more  efficient;  an  effervescence  arises  from  the 
etcape  of  carbonic  acid;  and  in  about  an  hour,  all  the  gold  is 
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revived  ( Vnti  Mons).  Tartaric  acid  docs  not  produce  the  same 
effect,  but  bi-tiii'trnte  of  |H>tnssa  occosioi>s  a  decompositioD, 
though  less  rapid.  Acetic  acid  may  be  mingled  with'  chloride 
of  gold  without  producing  any  change. 

(o)  Gold  is  ptccipiiated  from  i<s  solution  in  a  metallic  form, 
by  a  sohition  of  green  sulphate  of  iron.  This  depends  on  the 
affinity  of  the  protoxide  of  iron  for  a  fartiter  qiiantity  of  oxygen, 
%v-hich  it  takes  from  the  oxide  of  gold. 

if)  When  a  sheet  of  pure  tin  is  immersed  in  a  solution  of 
nitro-niurinte  of  gold,  the  oxide  of  gold  is  precipitated  of  a 
purple  colour ;  and,  when  scraped  off  and  collected,  forms 
the  purple  potvdtr  of  Cassi/ts^  much  employed  in  enamelling. 
Or  the  metallic  salt,  largely  diluted  with  water,  may  be  put 
into  a  glass  vessel  with  a  few  pieces  of  grain  tin.  In  a  short 
time,  the  liquor  will  become  of  the  colour  of  red  wine,  and  a 
very  light  flocculent  precipitate  will  begin  to  precipitate,  leav- 
ing the  liquor  clear.  This,  when  well  washed  and  dried,-  has 
a  deep  purple  colour,  and  is  the  precipitate  of  Cassius.  llie 
same  precipitate  is  obtained  by  mixing  a  solution  of  gold  with 
a  recently  made  solution  of  tin  in  muriatic  acid. 

The  composition  and  colour  of  the  precipitates  of  gold, 
tlifown  down  by  muriateof  tin  at  the  minimum,  have  been  shown, 
by  Oberkainpf,  to  be  very  variable.  The  colour  approaches 
more  to  a  violet,  as  the  salt  oF  tin  bears  a  larger  proportion  to 
tihat  of  gold;  and  the  colour  communicated  by  the  preeipitate 
to  porcelain,  has  the  same  variable  character.  When  the 
muriate  of  gold  is  in  excctis,- the  precipitate  has  moreof  a  rose 
colour.  A  violet  compound  was  proved  on  analysis  to  con- 
tain 60  per  cent,  of  oxide  of  tin,  and  40  of  metallic  gold ; 
and  one  of  a  fine  purple  consisted  of  30-J^  oxide  of  tin  and  7i>*^ 
.gold. 

(g)  Gold  is  precipilateil  from  it^  solvent  by  ether»  but  the 
oxide  of  gold  is  instantly  rcnlissolved  by  the  ether,  dnd  ibrnts 
the  ethereal  solution  of  gold.  This  solution  is  advanti»gcot»ly 
applied  to  the  gilding  of  steel  scissars,  Iflncets,-  and  other  in- 
struments, wliich  it  protects  from  nist  with  a  very  small  ex- 
.penditure  of  gold. 

SHlpkuret  of  GoW.— When  a  cul'Kftit  of  sulpbureted  by- 
-^togmgn^  is  passAl  throiig;^!  a  solution  of^fpld,  a  blaek  pvo- 
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cipitute  fttlls  down*  This  is  a  true  sulpkuret  ^  gokl^  uiiibh 
l^ives  up  its  salphur  oh  the  iipplicatiofi  of  beat.  It  is  com* 
posed  of 

Gold 80.39    100. 

Sulphur 19.G1    24.39 


100.  124.89 

The  sulphuret,  thus  prepared,  is  more  uniform  in  its  com- 
position, than  that  which  is  precipitated  by  alkaline  hydro- 
sulphurets;  for  these  contain  a  variable  proportion  of  sulphur, 
which  is  thrown  down  along  with  the  gold. 

The  sulphurct  of  gold  is  soluble  in  hydro-Hsnlphuret  of  po- 
tassa.  Liquid  potassa  takes  up  a  part,  and  leaves  a  yellow 
powder,  which  is  metallic  gold.  The  alkaline  hydro-sulphu- 
rets  do  not  dissolve  gokl,  however  minutely  divided,  till  sul- 
phur is  added,  when  probably  a  sulphuret  of  gold  is  formed, 
on  which  the  hydro-sulphuret  is  capable  of  acting. 

Phosplinret.  —  Gold  may  be  combined  with  phosphorus, 
either  by  precipitating  its  solution  with  sulphureted  hydrogen, 
or,  as  Mr.  E.  Davy  discovered,  by  heating  finely  divided  gold 
with  phosphorus  in  a  tube  deprived  of  air.  It  has  a  grey  co* 
lour,  and  a  metallic  lustre;  is  decomposed  by  the  beat  of  a 
spirit  lamp ;  and  contains  about  14  per  cent,  of  phosphorus. 

Equivalent  Number  for  Gold. — There  is  considerable  difficul- 
ty in  fixing  upon  a  number  to  represent  the  weight  of  the  atom 
of  gold,  on  account  of  the  uncertainty  respecting  the  smallest 
proportions  of  oxygen,  chlorine,  &c.  with  which  it  is  capable 
of  forming  a  chemical  compound.  It  appears  to  me  that  the 
only  well-ascertained  oxide  of  gold  is  that  which  contains,  ao- 
cording  to  Oberkampf^  10.01,  and  to  Bcrzelius,  12.07  oxygen, 
on  100  of  the  metal;  and  if  this  be  the  only  oxide,  the  atom 
of  gold  will  be  represented  either  by  SO,  or  by  70,  as  we  take 
the  experimental  result  of  the  former  or  the  latter  chemist. 
The  constitution  of  the  protoxide,  as  stated  by  Pellelier,  would 
raise  the  representative  number  to  240;  that  of  the  iodide 
to  242;  and  of  the  proto- chloride  to  244;  but  the  existence 
of  an  oxide  and  a  chloride  with  so  small  a  relative  proportion 
of  oxygen  and  of  chlorine,  has  not  yet  been  sufficiently  esta- 
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blished.  The  composition  of  the  oxide,  assigned  by  Berze- 
liusy  is  confirmed  by  Oberkampf 's  Analysis  of  the  sulphuret, 
viz.  100  metal  and  24.39  sulphur;  for  this  agrees  with  the  re- 
lative atomic  weights  of  oxygen  and  sulphur,  the  latter  of 
which  is  shown,  by  a  variety  of  well-ascertained  facts,  to  be 
double  that  of  the  former.  ^  The  whole  subject  appears,  how- 
ever, to  require  farther  investigation,  before  an  equivalent 
number  can  be  obtained  for  gold,  entitled  to  our  full  confi- 
dence. 

The  methods  of  purifying  gold,  by  the  operations  of  rw- 
pelltng  and  quarlatioii^  would  lead  into  too  long  details.  They 
are  very  perspicuously  described  by  I-a  Grange,  in  the  44th 
chapter  of  his  Manual;  and  in  Aikins  Chemical  Dictionary, 
article  Gold.  To  the  latter  work ;  to  Lewis's  Philosophical 
C!ommerce  of  the  Arts;  and  to  Mr.  Hatchett's  paper,  in  the 
Philosophical  Transactions  for  1803,  I  refer  also  for  much  va- 
luable information  respecting  the  alloys  of  gold  with  other 
metals.  It  may  be  proper,  however,  to  observe  that  gold, 
which  is  too  soft,  in  its  pure  state,  for  many  purposes,  hns  its 
hardness  greatly  increased  by  being  melted  or  alloyed  with  a 
small  proportion  of  copper.  It  is  a  singular  fact,  that  sojne 
kinds  of  copper,  which  do  not  themselves  appear  defective  in 
any  respect,  totally  destroy  the  ductility  of  gold.  This  ap- 
pears to  be  owing  to  the  contamination  of  the  copper  with  a 
very  small  quantity  of  lead  and  antimony,  of  either  of  which 
metals  only  about  -^  ^^^th  in  weight  is  sufficient  to  produce  this 
injurious  efiect 

The  degree  of  purity  of  gold  is  expressed  by  the  number  of 
parts  of  that  metal,  contained  in  24  parts  of  any  mixture. 
Thus,  gold,  which,  in  24  such  parts"  (termed  carats),  contains 
22  of  the  pure  metal,  is  said  to  ho  22  carats  fine.  Absolutely 
pure  gold,  using  the  same  language,  is  24  carats  fine ;  and 
gold  alloyed  with  an  equal  weight  of  another  metal,  12  carats 
fine. 
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SECTION  XXXVI. 

Plaiinum. 

Platinum,  in  the  state  in  which  it  reaches  this  country,  is 
contaminated  by  the  presence  of  eight  or  ten  other  substances ; 
and,  in  fact,  is  merely  an  ore  of  platinum.  It  had  been  dis- 
covered in  no  other  places  than  Choco  and  Santa  F^,  in  South 
America,  until  a  few  years  ago,  when  Vauquelin  detected  it  in 
some  grey  silver  ores  from  Estremadura ;  and,  more  lately, 
it  has  been  brought  from  St.  Domingo,  and  from  the  gold 
mines  of  Brazil.  The  general  aspect  of  the  ore  of  platinum  is 
that  of  small  grains  or  scales,  of  a  whiter  colour  than  iron,  and 
extremely  heavy.  Various  processes  have  been  contrived  for 
its  puritication  ;*  but  the  one,  which  is  the  most  simple  and 
practicable,  appears  to  me  to  be  that  of  Count  Moussin 
Poushkin,  communicated  by  Mr.  Hatchett  in  the  ninth  volume 
of  Nicholson's  Journal.t  It  is  unnecessary,  however,  to  detait 
these  processes ;  as  the  metal  may  now  be  had,  in  a  pure  state^ 
at  a  reasonable  price. 

Platinum  has  the  following  properties : 

1.  It  is  a  white  metal,  resembling  silver  in  colour,  but 
greatly  exceeding  it,  and  indeed  all  other  metals,  in  specific 
gravity,  which  may  be  stated  at  22  or  23 ;  according  to  Sir 
H.  Davy,  at  21.3;  and,  according  to  Marquis  Ridolfi,  at 
22.63.  It  may  be  drawn  into  wire  about  the  2000th  part  of 
an  inch  in  diameter,  and  beat  into  very  thin  plates. 

2.  It  is  extremely  difficult  of  fusion.  It  may  be  melted, 
however,  by  the  blow-pipe,  with  the  aid  of  oxygen  gas.  A 
globule,  weighing  29  grains,  boiled  violently  in  the  focus  of  a 
lens  about  three  feet  in  diameter;  %  and  Dr.  Clarke,  by  means 
of  the  blow-pipe  with  compressed  oxygen  and  hydrogen  gases^ 


*  See  Aikin's  Dictionary,  article  Platioani. 

t  A  process  for  purifying  placiuum,  by  the  intermediation  of  annc,  is 
described  by  DescotiU  in  the  64th  volume  of  the  Aunales  de  Cbimie^  page 
S34,  or  37  Phil.  Mag.  65 ;  and  anotber  by  the  Marquis  of  Kidolfi,  in  Jour* 
nal  of  Science,  &c.  i.  S59.    See  also  Bwruel,  Quarterly  Journal,  xti-  S47» 

X  69  Ann.  de  Chimie,  93. 
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has  kept  more  tlmn  200  grains  of  platinum  in  a  boiling  state 
for  some  time.  * 

3.  Platinum  has  been  discovered  by  Dr.  WoHaston  to  be 
s  remarkably  slow  conductor  of  caloric.  When^  equal  pieces 
of  silver,  copper,  and  platinum,  were  covered  with  wax,  and 
lieated  at  one  end,  the  wax  was  melted  3^  inches  on  the  silver; 
'2-t  on  the  copper;  and  1  nich  only  on  the  platinum.  Its  ex> 
fiansion  by  heat  is  considerably  less  than  that  of  steel ;  which, 
between  the  temperatures  of  32^  and  212^,  is  expanded  about 
12  parts  in  10,000,  while  the  expansion  of  platinum  is  only 
about  10.  From  trials  made  by  Mr.  Scott  of  Dublin,  it  ap* 
pears  to  possess  sufficient  elasticity  to  be  applicable  to  tbe 
Jnaking  of  pendulum  springs  for  watches.t 

4.  In  common  with  iron,  platinum  has  the  property  of  u;^* 
ing^  which  is  peculiar  to  those  two  metals.:):  It  may,  also,  be 
tinlted  by  weldings  with  iron  and  steeL 

It  is  not  oxidized  by  the  long -continued  and  concurrent  ac» 
tion  of  heat  and  air.  To  obtain  its  oxides,  we  must  have  re» 
course  to  a  circuitous  process. 

Berzelius§  describes  two  oxides  of  platinum.  The  protox- 
ide is  precipitated  from  the  chloride  by  an  excess  of  potassa. 

Its  colour  is  black,  and  it  consists  of 

Platinum  ....  92.35  ....  100. 
Oxygen    7.65  ....       8.287 

100.  108.2S7 

The  peroxide,  according  to  the  same  chemist,  has  bean  ob- 
tained only  in  combination.     It  is  composed  of 

Platinum 85.95    ....  100. 

Oxygen     14.07    ....     16.38 

100.  116.38 


*  Tboiti8on*s  Amiftls,  %iv,  290.  f  l^idiohoiiV  Journal,  x»i.  -148. 

X  Two  pieces  aif  wroti^t  iron,  raised  to  awfaitie  heat,  become  covereJI 
with  a  kind  of  tarnish;  and,  ^hen  breaght  into  coltuibt,  may  be  p^iai*^ 
iiendy  ooited  bjr  fbrfiag.    Has  istMrfM*!^  i«*lditi|  of  iron. 

§  87  Ana.  de  Chim.  p.  1^6. 
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Mv*  Cooper  obtained^  what  he  .ceodiclefis  sm  ihe  pro- 
toxide of  platinum,  by  pouring  a  perfectly  neutml  protonitrate 
of  mercury  into  a  dilute  solution  of  chloride  of  plaunum  ia 
hot  water.  The  precipitate,  a  mixture  of  calomel  and  pro- 
toxide of  platinum,  after  being  carefully  washed  ^aiKl  dri^,;. 
was  exposed  to  a  heat  barely  sufficient  to  raise  the  calpmel 
after  which  there  remained  an  intensely  black  powder.  By 
distillation  Mr.  Cooper  ascertained  thnl  this  powder  is  com* 
posed  of  100  parts  of  platimim  +  4.51 7  oxygen.'"'  It  has  been 
objected,  however,  both  by  M.  Berselius  and  Mr.  £.  Davy^ 
that  the  temperature  required  to  sublime  cnlomel  is  sufficient 
to  deprive  oxide  of  platinum  of  part  of  its  oxygen ;  and,  there- 
fore, that  the  true  composition  of  ihe  protoxide  canoot  be- 
detcniiined  by  Mr.  Cooper's  mcthocL 

We  have  the  testimony,  also,  of  Vauquclin,  that  the  oxide 
of  platinum,  obtained  from  the  chloride  by  means  of  soda,  is 
constituted  of  100  metal  +  15  or  16  oxygen,  (Ann.  de  Ch.  ct 
Phys.  V.)  Another  oxide  has  been  described  by  Mr,  E.  Davy, 
which  oppearsto  beinlermediate  between  the  peroxide,  as  stated 
by  Berselius  and  Vauquelin,  and  the  protoxide  of  the  former 
chemist.  It  was  formed  by  boiling  together  strong  nitric  acid,, 
and  fuhninnting  platinum,  drying  the  product,  and  beating  it 
ju«t  below  redness;  then  washing  with  v/atei*,  and,  finally,  with 
a  Hltle  potassa.  Its  colour  was  dark  iron  grey ;  it  was  not 
affected  by  water,  either  hot  or  cold ;  nor  by  nitrous,  sulphu- 
ric, or  phosphoric  acid ;  it  was  insoluble  by  nitro- muriatic 
iicid,  and  by  muriatic  acid,  unless  when  heated.  It  was  showD> 
by  analysis,  to  contnin 

Platinum S9,3G6 100. 

Oxygen 10.6rj4 1 1.9 

100. 

The  oxygen,  therefore,  in  the  three  oxides,  appears  to  be 
nearly  in  the  proportion  of  8,  12,  and  16,  to  100  of  the  metal, 
or  of  1,  2,  and  S,  If  the  ficst  pf  Berzqlius's  oxides  be  really 
tlie  protoxide,  tiie  equivalent  number  ileducible  foi*  platinum 
frtH  be  96.5.    But  the  subject  j'eqifiree  Hiorc  aceiy^le  iuvesf 

•  Jounial  of  Science^  <loc..voLiti. 
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ligation,  before  we  c«i  awign,  with  any  confidence,  the  equi- 
valent number  of  this  meul. 

C/kforwfc.— Platinum  is  not  acted  on  by  any  other  solvents 
than  the  nitro-muriatic  acid,  and  chlorine.*  The  former  is 
best  adapted  to  eflfect  this  solution.  Sixteen  parU  of  the  com- 
noand  acid  are  to  be  poured  on  one  of  the  pure  laminated  me- 
iaL  and  exposed  to  heat  in  a  glass  vessel ;  nitrous  gas  is  dis- 
eneaaed,  and  a  reddish  coloured  solution  is  obtamed,  which 
<rives  a  brown  stain  to  the  skin.  When  this  solution  is  eva- 
^ated.  and  heated  to  whiteness,  chlorine  gas  is  disengaged, 
and  may  be  collected  in  a  proper  apparatus.  The  dry  com- 
pound, investigafed  by  Mr.  E.  Davy,  gave  18.5  per  cent  of 
chlorine;  but  this  is  considered  by  him  only  as  an  approx- 
imation.  From  the  experimenU  of  Vauquelm,  it  seems  pro- 
bable that,  beside  the  chloride,  there  are  also  two  sub-chlonde« 
of  platinum.t    But  the  precise  nature  of  these  compounds  is 

"°Thrchloride  of  platinum  may  be  crystallized  by  careful 
evaporation.  The  salt  has  a  very  acrid  taste,  and  "  dehques- 
cent  It  is  decomposed  by  heat,  chlorine  gas  is  evolved,  and 
an  oxide  of  pUtinum  remains,  which  is  reduced  to  a  metaUic 

form  by  ignition.  .   .  _^      r 

The  chloride  of  platinum  has  the  characteristic  property  of 
beinir  precipitated  by  a  solution  of  muriate  of  ammonia.  By 
L  character,  pUtinum  is  distinguished  from  all  other  metals, 
and  may  be  separated  when  mingled  with  them  m  solution. 
The  precipitate,  thus  obtained,  is  decomposed  by  a  strrag 
heat,  and  leaves  pure  platinum ;  but  tiie  process,  to  be  efec- 
t«al  should  be  twice  repeatetl,  for  the  precipitate  first  formed, 
contains  a  small  proportion  of  any  other  metal  Uiat  may  hap- 

nen  to  be  present. 

Chloride  of  platinum  is  not  precipitated  by  ferro-pmssiate 
of  potassa,  nor  by  sulphat  of  iron.  If  any  precipitate  ensue, 
it  is  owing  to  contamination  with  other  metals. 

•  Mr.  P.  Johnson  hM  shown  that  pUtin.m,by  heing  aUojred  "i**"  'aMr 
«rf  gold,  U  rwdecd  Mldd.  in  nitric  wid;  (40  PhJ.  M^.  1.)  «d  Mr. 
SoS  hM-trfOishrf  the  «w«  feet  •«I»«*i'«i>*«"»y«>fP>^»»  ''•* 
»uk:  and  copper.  ($  Jooni.ofSci«»ce,p.  119.) 

^  An.  4e  Chim.  et  Ph;i.  V.S74. 
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It  is  precipitated  of  a  dark  green  colour  by  the  gallic  acid 
as  present  in  tincture  of  galls.  The  precipitate  becomes  gra- 
dually paler  by  standing.* 

When  pure  potassa  is  poured  into  the  solution  of  platinum, 
a  precipitate  ensues,  which  is  not  an  oxide  of  platinum,  but  a 
triple  compound  of  that  oxide  with  the  alkali  and  acid,  or  po- 
tassa-muriate.  With  soda  also,  it  forms  a  triple  combination, 
or  soda^muriate.  This  is  best  obtained,  by  adding  to  nitric 
acid,  in  a  retort,  platinum,  with  twice  its  weight  of  muriate  of 
soda,  and  applying  heat  till  about  four^fifths  of  the  fluid  have 
come  over.  The  remaining  liquor  forms,  on  cooling,  fine 
prismatic  crystals,  sometimes  four  or  five  inches  long ;  and 
either  reddisk-brown,  like  titanium ;  yellow,  like  amber ;  or 
of  a  beautiful  coquelicot  colour.f 

Chloride  of  platinum  is  decomposed  by  ether,  and  an 
etherized  solution  of  platinum  is  obtained;  which  may  be  ap- 
plied to  the  same  uses  as  the  similar  solution  of  gold. 

Sulphuret. — The  chloride  of  platinum  is  decomposed,  also, 
by  sulphureted  hydrogen,^:  and  a  black  powder  is  obtained, 
which  becomes  reddish-brown  with  an  excess  of  the  precipi- 
tant, but  re-assumes  its  black  colour,  on  exposure  to  the  air. 
Its  com|>osition  cannot  be  investigated  easily,  for  the  sulphur 
passes  so  rapidly  to  the  state  of  sulphuric  acid,  as,  during  the 
desiccation  of  the  powder,  to  destroy  the  paper  on  which  it  was 
collected.  Vauquelin  asserts  that  it  is  not  a  simple  sulphuret, 
but  a  hydro-sulpkureled  oxide  of  platinum.% 

The  most  delicate  test  of  the  presence  of  platinum  is  muriate 
of  tin.  A  solution  of  platinum,  so  dilute  as  to  be  scarcely  dis- 
tinguishable from  water,  assumes  a  bright  red  colour,  on  the 
addition  of  a  single  drop  of  the  recent  solution  of  tin. 

The  direct  combination  of  platinum  and  sulphur  was  found 
by  Mr.  E.  Davy  to  give  an  infusible  black  powder>  containing 
about  16  parts  of  sulphur  to  100  metal ;  ||  and  dividing  the 
former  number  by  2,  we  obtain  8  for  the  quantity  of  oxygen  in 
the  protoxide,  which  confirms  the  result  of  Berzelius's  ex«* 

*  La  Grange,  ii.  878.  f  Nicholson's  Journal,  8vo.  ix.  67. 

I  Berzelius.  $  An.  de  Cfaim.  et  Phys.  t.  363. 

H  See  his  Memoir  on  soma  of  tha  Combinations  of  Platinuai,  PhiL  Mag. 
TOl.  xl. 
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periment  on  ihai  o.vkle^  Vauqueiin  formed  the  sulphqret  by 
hefffetiijr  li>part8of  the  triple  muriate  of  ammonia  and  platinum 
with  20  parts  of  sulphur,  or  by  a  similar  treatment  of  one  part 
of  finely  divided  platinnm,  with  two  of  Kulphiir.  He  agrees 
with  Mr.  Davy  ps  to  the  proportions  of  its  elements. 

From  tlie  siilpburet,  the  stdphale  of  platinum  is  best  pre* 
))ared  by  the  action  of  nitric  acid.  It  is  soluble  in  water,  in 
alcohol,  and  ether;  and  the  first  mentioned  solution,  Mr. 
Davy  finds  to  be  the  best  test  yet  tried  for  discovering  gc* 
latine. 

The  fiction  of  alcohol  on  sulphate  of  platinum  occasions  the 
formation  of  a  substance,  which  is  possessed  of  very  singular 
)>ft*operties.*  Equal  volunu's  of  a  strong  aqueous  solution  of 
this  sulphate  and  of  alcohol,  Ideated  together,  deposit  a  black 
powder,  which,  after  being  well  edulcorated,  and  dried  at  a 
\evy  gentle  heat,  exhibits  the  following  properties : 

ll  is  black  and  in  small  lump^,  which  are  soft  to  the  touch, 
and  easily  reduced  to  an  impalpable  powder.  This  powder 
is  tasteless,  and  insoluble  in  water  cither  hot  or  cold.  When 
gently  heated  on  a  slip  of  platinum,  a  feeble  explosion  takes 
place,  accompanied  with  a  hissing  noise,  and  a  flash  of  red 
light,  and  the  platinum  is  reduced.  Brought  into  contact 
with  ammouiacal  gas,  it  becomes  red  hot,  and  scintillates.  It 
is  instantly  deeompo^c<l  by  alcohol,  a«  is  shown  in  a  very 
striking  manner  by  moistening  paper,  sand,  cork,  or  sponge, 
with  that  fluid,  and  placing  the  smallest  particle  of  the  pow* 
dcron  them.  It  hisses,  and  becomes  rcd-liot;  and  Mr.  E. 
Y>A\}\  lo.wliom  we  owe  its  discovery,  pro|ioses  it  as  an  cx- 
cellciit  means  of  kindling  a  match.  It  appears  to  consist  of 
96:j-  per  cent,  platinum,  with  nitrous  aqid,  a  little  oxygen,  and 
a  very  minute  proportion  of  carbon.  The  nitrous  acid  is  ac- 
counted for,  by  the  jK>c«li»r  way  in  which  the  sulphate  bad 
l)een  formed. 

P/Kwp*i/r«/. — Phosphorus  and  platinum  may  be  united, 
either  by  passing  phosphureted  hydrogen  iiito  a  solution  of 
the  metal;  oi;,  according  to  Mr.  E.  Davy,  they  combine  di- 
rectly in  exhausted  tubes  with  vivid  ignition.     The  result  is  a 

•  Phii.  Trans.  J8iO. 
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bluish  ^ey  powder,  infusible,  and  containing  17  per  cent,  of 
phosphorus. 

Platinum  is  acted  upon  by  fusion  with  niirate  ofpotassa  and 
with  nitrate  of  soda,  and  also  with  pure  fixed  alkalis,  with 
which  its  oxide  seems  to  unite  as  a  base,  forming  what  has 
been  called  a  platinate.  The  latter  property  limits  consider- 
ably the  utility  of  platinum  as  a  material  for  crucibles. 

Fulminating  Platinum. — A  fulminating  compound  of  pla- 
tinum, analogous  in  its  composition  and  properties  to  aurum 
JiilminanSf  has  been  prepared  by  Mr.«E.  Davy,  by  precipi* 
tating  a  solution  of  sulphate  of  platinum  witli  a  slight  excess 
of  pure  ammonia.*  The  precipitate,  thus  obtained,  was 
washed,  and  dried  sufficiently  to  separate  it  from  the  filter. 
It  was  then  put  into  a  Florence  flask  with  a  solution  of  pure 
potassa,  and  the  fluid  boiled  nearly  to  dryness.  A  quantity 
of  water  was  then  added,  and  the  solid  matter,  afler  being  well 
washed,  was  dried  for  several  days  at  the  temperature  of  212*^ 
Fahrenheit. 

The  powder  thus  prepared  has  different  shades  of  colour, 
from  a  light  brown  to  a  dark  chocolate,  and  even  almost 
black.  One  grain,  laid  on  a  thin  sheet  of  copper,  and  heated 
to  400°  or  420°  Fahrenheit,  produces  a  report  louder  than 
that  of  a  pistol,  and  the  copper  is  deeply  indented.  Like  ful- 
minating gold,  it  is  incapable  of  being  exploded  by  percussion. 
It  appears  to  be  a  triple  compound  of  oxide  of  platinum,  am- 
monia,  and  water. 

Alloys  of  Platinum. — Platinum  is  capable  of  entering  into 
combination  with  other  metals,  and  of  forming  alloys,  which 
are  not,  in  general,  characterized  by  ucseful  properties.  Its 
affinity  for  lead  is  strikingly  shown  by  the  following  experi- 
ment. If  a  piece  of  lead  foil,  and  another  of  platinum  foil, 
of  equal  dimensions,  be  rolled  up  together,  and  the  flame  of 
a  candle  be  cautiously  directed  by  a  blow-pipe  towards  the 
edges  of  the  roll,  at  about  a  red  heat,  the  two  metals  will  com- 
bine with  a  sort  of  explosive  force,  scattering  their  melted  par- 
ticles, and  emitting  light  and  heat  in  a  surprising  manner. 

•  Phil.  Trans.  1817. 
VOL,  II.  L 
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(Ann.  of  Phil.  xiv.  230.)  A  small  bit  of  tin,  ainc,  or  anti- 
mony, rolled  in  platina  leaf,  and  treated  in  like  manner^  ex-* 
tiibits  similar  appearances. 

With  potassium  and  sodium,  platinum  affords  brittle  oom<^ 
pounds.  In  the  proportion  of  1-1 6th,  it  renders  gold  pale ; 
it  amalgamates  with  mercury^  and  diminishes  the  fusibility 
of  the  fusible  metals. 

"  The  compound  of  platinum  with  steel  has  already  been 
described  in  the  16th  section  of  this  chapter. 


SECTION  XXXVII. 

Rhodium  and  Palladium. 

Fon  the  discovery  of  these  two  metals  we  are  indebted  to 
Dr.  Wollaston,  who  separated  them  from  thie  ore  of  platinum, 
by  the  following  process.  ■ 

1.  Rhodium.  When  a  solution  of  the  ore  of  platinum  in 
uiti'o*muriatic  acid  has  been  precipitated,  as  far  as  possible, 
by  muriate  of  ammonia  (see  sect.  S6)  it  still  retains  a  consi- 
derable degree  of  colour,  varying  with  the  strength  and  pro^ 
portion  of  the  acids  that  have  been  employed  in  effecting  the 
solution.  Beside  iron,  and  a  portion  of  the  ammonia*muriato 
of  platinum,  it  contains,  also,  other  metals  in  very  small  pro- 
portion. 

1.  Let  a  cylinder,  or  thin  plate  of  zinc,  or  iron,  be  im- 
mersed in  the  solution.  It  will  separate  all  the  metals  that 
are  present,  in  the  state  of  a  black  powder.  Wash  the  pre- 
cipitate (without  drying  it)  with  very  dilute  nitric  acid,  as- 
sisted by  a  gentle  beat,  which  will  dissolve  the  copper  and 
lead.  Digest  the  reniainder  in  dilute  nitro- muriatic  acid ; 
and  to  the  solution,  when  completed,  add  a  portion  of  muriate 
of  soda,  equivalent  in  weight  to  about  one-fiftieth  the  ore  of 
platinum  employed.  Evaporate  by  a  gentle  heat.  The  dry 
mass  contains  tiie  soda-muriates  of  platinum,  palladium,  and 
rhodium;  the  two  former  of  which  may  be  separated  by  al- 
cohol, and  the  salt  of  rhodium  will  remain  dissolved.     Frpm 
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this  solution  the  rhodium  may  be  precipitated  by  zitiC)  which 
throws  down  a  black  powder,  amounting,  in  weight,  to  four 
grains  from  400  of  the  ore. 

8.  When  exposed  to  heat,  the  powder  continues  black; 
With  borax  it  acquires  a  white  metallic  lustre,  but  appears  in* 
fasible  by  any  degree  of  heat.  It  is  rendered  fusible  by  ar* 
senic,  and  also  by  sulphur;  both  of  which  may  be  expelled  by 
a  continued  heat ;  but  the  metallic  button^  thus  obtained*  it 
not  malleable. 

S.  The  specific  gravity  of  rhodium,'  as  near  as  it  could  h% 
taken,  was  11. 

'  4.  By  a  very  intense  heat,  produced  in  a  wind  furnace, 
Messrs.  Stodart  and  Faraday  have  lately  succeeded  in  effect-* 
ing  its  fusion. 

5.  Rhodium  unites  readily  with  all  the  metals  that  have 
been  tried,  excepting  mercury.  It  does  not  discolour  gold, 
when  alloyed  with  it.  Its  alloy  with  steel  has  been  described 
in  section  16. 

6.  When  an  alloy  of  silver  or  gold  with  rhodium  is  digested 
in  nitric  or  nitro-muriatic  acid,  the  rhodium  remains  un*- 
toucbed;  but  when  alloyed  with  three  times  its  weight  of  bift- 
muth,  copper,  or  lead,  each  of  these  alloys  may  be  dissolved 
completely,  in  a  mixture,  by  measure,  of  two  parts  muriatic 
acid  with  one  of  nitric.  Lead  appears  preferable,  as  it  forms 
by  evaporation  an  insoluble  chloride.  The  chloride  of  rho- 
dium then  exhibits  the  rose  colour,  from  which  the  name  of 
the  metal  has  been  derived.     It  is  soluble  in  alcohol. 

7.  Rhodium  is  not  precipitated  from  its  solution  by  ferro- 
prussiate  of  potassa,  nor  by  muriate  of  ammonia,  nor  by  hy- 
drosulphuret  of  ammonia.  The  carbonated  alkalis  produce 
no  change;  but  the  pure  alkalis  precipitate  a  yellow  oxide, 
soluble  in  ail  acids  that  have  been  tried. 

Berzelius  has  described  three  oxides  of  this  metal,  com* 

posed  as  follows : 

Metal.  Ofjgen. 

Protoxide 100     -h       6.7 1 

Dentoxide 100     +     1S.4S 

Peroxide    100     +     20.13 

The  existence  of  these  oxides  is  not,  however,  sufSciently 

l2 
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established,  to  enable  us  to  determine  ibe  equivalent  number 
of  rhodium. 

11.  Palladium,  1.  The  alcoholic  solution  (I.  1.)  contains 
the  soda-muriates  of  palladium  and  platinum.  The  latter  me- 
tal may  be  precipitated  by  muriate  of  ammonia ;  and  palladium 
may  be  obtained  from  the  remaining  liquid,  by  the  addition  of 
prussiate  of  potassa,  which  occasions  a  sediment,  at  first  of  a 
deep  orange  colour,  and  changing  afterwards  to  a  dirty  bottle- 
green,  owing,  probably,  to  the  presence  of  iron.  The  pre- 
cipitate is  to  be  ignited,  and  purified  from  iron,  by  cupellation 
with  borax. 

2.  A  more  simple  method  of  obtaining  palladium  has  since 
been  described  by  Dr.  Wollaston.*  To  a  solution  of  the  ore 
of  platinum  in  nitro-muriatic  acid,  neutralized  by  evaporating 
the  redundant  acid,  or  by  adding  an  alkali,  and  either  before 
or  after  the  separation  of  the  platinum  by  muriate  of  ammonia, 
let  prussiate  of  mercury  be  added.  In  a  short  time  the  liquid 
becomes  yellow,  and  a  flocculent  precipitate  is  gradually 
formed  of  a  pale  yellowish  white  colour,  which  is  the  prussiate 
of  palladium.  This,  on  being  heated,  yields  the  metal  in  a 
pure  state,  in  the  proportion  of  four-tenths  or  iive«tenihs  of 
a  grain  from  every  hundred  grains  of  the  ore. 

3.  Vauquelin  has,  also,  proposed  a  method  of  separating 
rhodium  and  palladium  from  the  ore  of  platinum.  His  pro- 
cess, which  is  less  simple  than  the  second  method  of  Dr.  Wol- 
laston, is  described  at  length  in  the  4th  and  7th  volumes  of 
Dr.  Thomson's  Annals  of  Philosophy. 

On  examining  some  ore  of  platinum,  brought  from  the  gold 
mines  of  Brazil,  Dr.  Wollaston  discovered  in  it  small  frag- 
ments of  native  palladium,  which  appear  to  be  free  from  ad- 
mixture with  every  other  metal,  except  a  very  minute  portion 
of  iridium.  These  fragments  differ  from  the  grains  of  pla- 
tinum, in  being  formed  of  fibres,  which  are  in  some  degree 
divergent  from  one  extremity.  This  external  character  Dr. 
Wollaston  deems  sufficient  for  distinguishing  the  metal,  in  si- 
tuations where  recourse  cannot  be  had  to  experimentt 

Ml?  Cloud,  assay-master  of  the  American  mint,  has,  also, 

•  Phil.  Mag.  xxii.  S7f,  or  Phll.Trans.  1805.         f  Phil.  Traus.  1809. 
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discovered  palladium  in  a  native  alloy  of  gold  with  that  me- 
tal.*    The  alloy  contained  no  other  metal,  and  was  perfectly 
free  from  its  common  ingredients,  copper  and  silver. 
4.  The  following  are  the  properties  of  palladium. 

(a)  Its  colour  resembles  that  of  platinum,  except  that  it  is 
of  a  duller  white.  It  is  malleable  and  ductile.  Its  specific 
gravity  varies  from  10.972  to  11.482.  Its  power  of  conduct- 
ing cdloric  is  nearly  equal  to  that  of  platinum,  which  it  rather 
surpasses  in  expansibility  by  heat. 

(b)  Exposed  in  an  open  vessel,  to  a  greater  degree  of  heat 
than  is  required  to  melt  gold,  no  oxidizemeut  ensues ;  and  no 
degree  of  fusion  takes  place.  On  increasing  the  fire  con- 
siderably, a  melted  button  is  obtained,  and  the  specific  gravity 
is  increased  to  11.87K  The  metal,  in  this  state,  has  a  greyish 
white  colour.  Its  hardness  exceeds  that  of  wrought  iron.  By 
the  file  it  acquires  the  brilliancy  of  platinum ;  and  is  malleable 
to  a  great  degree. 

Berzelius  has  stated  that  100  parts  of  palladium  unite  with 
14.209  parts  of  oxygen.     Hence  the  oxide  consists  of 

Palladium 87-56 

Oxygen 12.44 

100. 

(c)  Palladium  readily  combines  with  sulphur.  The  com- 
pound is  whiter  than  the  separate  metal,  and  is  very  brittle. 
It  has  been  investigated  by  Berzelius,  and  shown  to  be  com*- 
posed  as  follows : 

Palladium 78.03   100. 

Sulphur 21.97    28.15 

100.  128.15 

The  equivalent  number  for  the  metal,  deducible  both  from 

the  oxide  and  sulphuret,  is  56.2.     We  may,  therefore,  denote 

the  weight  of  its  atom  by  56;  that  of  the  oxide  by  64 ;  and  of 

the  sulphuret  by  72. . 

{d)  Palladium  unites  with  potassa  by  fusion,  and  also  with 

soda,  but  less  remarkably.     Ammonia,  allowed  to  stand  over 


•  74  Ann.  de  Chim.  99. 
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it  for  some  dayif  acquires  a  bluish  tinge,  and  boldly  in  solutiont 
a  small  portion  of  oxide  of  palladium. 

(e)  Sulphuric  acid,  boiled  with  palladinm,  acquires  a  beau^ 
tiful  blue  colour,  and  dissolves  a  portion  of  the  metal.  The 
action  of  this  acid,  however,  is  not  powerful ;  and  it  cannot 
be  considered  as  a  fit  solvent  for  palladium. 

(/)  Nitric  acid  acts  with  much  greater  energy  on  palla* 
dium.  It  oxidizes  the  metal  with  somewhat  more  difficulty 
than  it  acts  on  silver ;  and^  by  dissolving  the  oxide,  forms  a 
very  beautiful  red  solution.  During  this  process  no  nitrous 
gas  is  disengaged.  Nitrous  acid  has  a  more  rapid  action  on 
palladium  than  the  nitric  From  these  solutions,  potassa 
throws  down  an  orange  coloured  precipitate,  which  is  pro« 
bably  a  hydrate. 

{g)  Muriatic  acid,  by  being  boiled  on  palladium,  acts  upon 
it,  and  acquires  a  beautiful  red  colour. 

{h)  But  the  appropriate  solvent  of  palladium  is  nitro-mu- 
riatic  acid,  which  acU  upon  the  metal  with  great  violence, 
and  yields  a  beautiful  red  solution. 

(i)  From  all  the  solutions  of  palladium  in  acids,  a  preci- 
pitate may  be  produced  by  alkalis  and  earths.     These  pre- 
cipitates are  mostly  of  a  fine  orange  colour;  are  partly  dis- 
solved by  some  of  the  alkalis ;  and  that  occasioned  by  am- 
monia, when  thus  re-dissolved,  has  a  greenish  blue  colour. 
Sulphate,  nitrate,  and  muriate  of  potassa,  produce  an  orange 
precipitate  in  the  salts  of  palladium,  as  in  those  of  platinum; 
but  the  precipitates  from  nitrate  of  palladium  have  generally 
a  deeper  shade  of  orange.     All   the   metals,    except   gold, 
platinum,  and  silvery  cause  very  topious  precipitates  in  so- 
lutions of  palladium.     Recent  muriate  of  tin  produces  a  dark 
orange  or  brown   precipitate  from  neutralized  salts  of  pal- 
ladium,   and  is  a  very  delicate  test  of  this   metal.     Green 
sulphate  of  iron  precipitates  palladium  in  a  metallic   state; 
and,  if  the  experiment  succeed,  the  precipitate  is  about  equal 
in  \teight  to  the  palladium   employed.      Ferro-prussiate  of 
potassa  causes  an  olive-coloured  precipitate.  The  prussiate  of 
palladium,  separated  by  a  neutral  solution   of  prussiate  of 
mercury,  has  the  property,   when  heated  to  about  500°  of 
Fahrenheit,  of  detonating,  with  a  noise  similar  to  that  oc- 
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cfwioned  by  firing  m  equal  quantity  of  gunpowder*  Hydro* 
sulphurets,  and  water  impregnated  with  sulphureted  hydrogen 
gas,  occasion  a  dark  brown  sediment  from  solutions  of  pal- 
ladium. 

{k)  Palladium  readily  combines  with  other  metals.  It  has 
the  property,  in  common  with  platinumy  of  destroying  the 
colour  of  goldy  even  when  in  a  very  small  proportion. — Thus 
one  part  of  platinum,  or  palladium,. fused  with  six  of  gold,  re- 
duces the  colour  of  the  gold  nearly  to  that  of  the  white  metal 
employed. 

Dr.  WoUaston  has  furnished  an  alloy  of  gold  and  palla- 
dium for  the  graduation  of  the  magnificent  circular  instru- 
ment, constructed  by  Mr.  Troughton,  for  the  Greenwich  obser-> 
vatory.  It  has  the  appearance  of  platinum,  and  a  degree 
of  hardness,  which  peculiarly  fits  it  for  receiving  the  gradua- 
tions. 


SECTION  XXXVIII. 

Iridium  and  Osmttun. 

When  the  ore  of  platinum  has  been  submitted  to  the  action 
of  nitro-muriatic  acid,  a  part  remains  undissolved,  in  the 
form  of  a  black  powder,  reifembling  plumbago.  In  this  sub- 
stance, the  late  Mr.  Smithson  Teniiant  discovered  two  new 
metals.  The  process,  which  he  employed  to  separate  them, 
was  the  following: 

1.  1.  The  powder  was  fused  in  a  silver  crucible  with  pure 
soda,  and  the  alkali  then  washed  off  with  water.  It  had  ac- 
quired a  deep  orange  or  brownish  yellow  colour,  but  much 
of  the  powder  was  undissolved.  The  residue  was  digested  in 
muriatic  acid,  and  a  dark  blue  solution  obtained,  which 
afterwards  became  of  a  dusky  olive-green;  and,  finally,  by 
continuing  the  heat,  of  a  deep  red  colour.  By  the  alternate 
action  of  the  acid  and  alkali,  tlie  whole  of  the  powder  ap- 
peared capable  of  solution. 

2.  The  alkaline  solution  contained  the  oxide  of  a  volatile 
metal  not  before  described ;  and  also  a  small  portion  of  another 
metal.     When  the  solution  was  kept  soipe  weeks,  the  latter 
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metal  separated  spontaneously  in  thin  dark-coloured  flakes. 
The  acid  solution  contained  both  metals  also;  but  principally 
one,  which  is  not  altered  by  muriate  of  tin,  is  precipitate<I  of  a 
dark  brown  colour  by  pure  alkali ;  and  which  exhibits,  during 
solution  in  muriatic  acid,  a  striking  variety  of  colours,  arising 
from  variations  iii  its  degree  of  oxidation.  From  this  pro- 
perty Mr.  Tennant  terms  it  iridium.  The  proportion  of 
oxygen  in  its  oxide,  and  consequently  its  equivalent,  still  re- 
main to  be  determined. 

d.  In  order  to  obtain  muriate  of  iridium,  free  from  the 
other  metal,  the  acid  solution  (2)  was  evaporated,  and  an 
imperfectly  crystallized  mass  obtained;  but  this,  dried  on 
blotting-paper,  and  again  dissolved  and  evaporated,  gave 
distinct  octahedral  crystals.  Tlie  watery  solution  of  these 
crystals  had  a  deep  red  colour,  inclining  to  orange.  With 
infusion  of  galls  no  precipitation  ensued;  but  the  colour 
almost  instantly  disappeared.  Muriate  of  tin,  carbonate  of 
soda,  and  prussiate  of  potassa,  had  the  same  effect.  Pure 
ammonia  precipitated  the  oxide,  but  retained  a  part,  and 
acquired  a  purple  colour.  All  the  metals,  except  gold  and 
platinum,  precipitated  iridium  of  a  dark  colour  from  the  mu- 
riate which  had  lost  its  colour. 

4.  Iridium  was  obtained  pure  by  heating  the  muriate,  which 
expelled  both  the  acid  and  the  oxygen.  It  was  of  a  white 
colour  and  perfectly  infusible.  But  Mr.  Children  has  since 
fused  it  by  his  immense  galvanic  battery  into  a  metallic 
globule,  which  was  white,  very  brilliant,  and,  though  porous, 
had  the  high  specific  gravity  of  18.68.*  It  did  not  combine 
with  sulphur  or  arsenic.  Lead  united  with  it,  but  was  se- 
parated by  cupellati9n.  Copper,  silver,'  and  gold,  were 
severally  found  to  combine  with  it,  and  it  could  not  be  se- 
parated from  the  two  latter  by  cupellation  with  lead. — Its 
other  properties  remain  to  be  examined. 

II.  1.  Osmium  was  procured  in  the  state  of  an  oxide,  by 
simply  distilling  the  alkaline  solution,  obtained  as  already 
described  (I.  1.).  along  with  any  acid.  It  was  even  found 
to  escape,  in  part,  when  water  was  added  to  the  dry  alkaline 

•  Phil.  Trans.  18],5>  p.  S70. 
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mass  remaining  in  the  crucible ;  and  was  manirested  by  a 
pungent  and  peculiar  smell,  somewhat  resembling  that  o£ 
chlorine  gas,  from  which  property  its  name  has  b^en  derived. 
The  watery  solution  of  oxide  of  osmium  is  without  colour, 
having  a  sweetish  taste,  and  the  strong  smell  already  alluded 
to.  Another  mode  of  obtaining,  still  more  concentrated,  the 
oxide  of  osmium,  is  by  distilling  the  original  black  powder 
with  nitre.  A  solution  of  oxide  of  osmium  in  water  is  found 
in  the  receiver,  of  such  strength  as  to  give  a  stain  to  the  skin 
that  cannot  be  eflaced.  The  most  striking  test  of  this  oxide 
is  an  infusion  of  galls,  which  presently  becomes  of  a  purple 
colour,  and  afterwards  changes  to  a  deep  vivid  blue.  With 
pure  ammonia,  the  solution  becomes  somewhat  yellow ;  and 
slightly  so  with  carbonate  of  soda.  With  alcohol,  or  still 
more  quickly  with  ether,  it  acquires  a  dark  colour,  and,  after 
some  time,  separates 'in  the  form  of  black  films. 

M.  Laugier  having  observed  that  nitro-muriatic  acid,  which 
has  been  employed  to  dissolve  platinum,  emits  a  strong  odour 
of  osmium,  distilled  the  liquor,  and  saturated  the  product 
with  quicklime;  after  which,  by  again  distilling  the  liquid,  he 
obtained  a  quantity  of  osmium  sufficient  to  repay  the  trouble 
of  the  process.* 

2.  The  oxide  of  osmium,  the  precise  composition  of  which 
is  unknown,  gives  up  its  oxygen  to  all  the  metals,  excepting 
gold  and  platinum.  When  its  solution  in  water  is  shaken 
with  mercury,  the  solution  loses  its  smell;  and  the  metal, 
combining  with  the  mercury,  forms  an  amalgam.  From 
this,  much  of  tlie  redundant  mercury  may  be  separated  by 
squeezing  it  through  leather,  which  retains  the  amalgam  of 
a  firmer  consistence.  The  mercury  being  distilled  ofi^,  the 
osmium  remains  in  its  metallic  form,  of  a  dark  grey  or  blue 
colour.  By  exposure  to  heat,  with  excess  of  air,  it  evaporates 
with  its  usual  smelt;  but,  if  oxidation  be  efiectually  pre- 
vented, it  does  not  seem  in  any  degree  volatile.  Being  sub* 
jected  to  a  strong  white  heat,  in  a  cavity  made  in  a  piece  of 
charcoal,  it  is  not  melted,  nor  does  it  undergo  any  change. 
With  gold  and  silver  it  forms  malleable  alloys.     These  are 

*  89  Ann.  da  Chini.  p.  191. 
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afisily  diaaoivad  in  nUro*muriatic  acid;  and  by  distillation 
give  the  oxide  of  osmium  with  its  usual  properties.  It  is  ca- 
pable,  also,  of  being  alloyed  with  steel,  as  has  already  been 
stated  in  section  16. 

5.  The  pure  metallic  osmium,  which  had  been  previously 
heated,  does  not  seem  to  be  acted  upon  by  acids;  at  least  no 
effect  is  produced  by  boiling  it  some  time  in  nitro-muriatio 
acid.  By  heating  it  in  a  silver  cup  with  alkali,  it  immedi- 
ately cpmbines  with  the  alkali,  and  this  compound  givesj  with 
water,  a  yellow  solution,  similar  to  that  from  which  it  had 
been  procured.  From  this  solution,  acids  expel  the  oxide  of 
osmium„  having  its  usual  smell,  and  possessing  the  property 
of  changing  to  a  vivid  blue  the  infusion  of  galls. 

Besides  the  black  powder  from  which  osmium  is  obtained, 
Dr.  WoUaston  has  discovered  a  separate  ore  of  these  twp 
metals,  mixed  with  the  grains  of  crude  platinum.  The  spe- 
dfic  gravity  of  this  ore  is  about  19.5,  and  therefore  exceeds 
that  of  crude  platinum  itself  which  is  only  17.7.  The  grains 
are  about  the  size  of  those  of  crude  platinum,  but  10*6  consir 
derably  harder;  are  not  at  all  malleable;  and  appear  to  ooii* 
sist  of  laminsB,  possessing  a  peculiar  lustre. 

The  discovery  of  Mr.  Tennant,  and  the  accuracy  of  his  re? 
sults>  if  they  had  required  confirmation,  have  received  it  from 
an  elaborate  investigation  of  Vauquelin,  whose  memoir  is  pub* 
lished  in  the  89th  volume  of  the  Annales  de  Chimie,  and  in 
the  sixth  volume  of  Dr.  Thomson's  Annals.  Otlier  methods 
of  extri^cting  the  four  rarer  metals  (palladium,  rhodium, 
iridium,  and  osmium),  from  the  ore  of  platinum,  have  been 
since  desanbed,  also,  by  M.  Baruel.  (See  Quarterly  Journal, 
xii.  247.) 

SECTION  XXXIX. 

Nickel. 

.  To  obtain  pure  nickel.  Dr.  Thomson  has  employed  with 
•access  the  following  process,  the  outline  of  which  was  sug- 
gested to  him  by  Dr.  Wollaston.  Reduce  to  coarse  powder 
a  quantity  of  the  brittle  reddish  alloy,  known  in  commerce  by 
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Urn  name  of  speisSf  v/hidx  ii  chiefly  a  compound  of  arsenic 
and  nickel ;  pour  upon  it  a  quantity  of  dilute  sulphuric  acid  ; 
place  the  mixture  in  a  Wedgewood's  evaporating  dish,  and 
add,  at  intervals,  the  quantity  of  nitric  acid  requisite  to  enable 
the  acid  to  act  upon  the  speiss.     By  this  operation,  a  deep 
grassrgreen  liquid  is  obtained,  while  a  considerable  quanti^ 
of  arsenious  acid  remains  undissolved.    Decant  the  green 
liquid,  and  evaporate  it  till  it  is  sufficiently  concentrated  to 
yield  crystals,  when  it  is  to  be  set  aside  in  a  cool  place.    A 
deposit  of  beautiful  crystals  of  sulphate  of  nickel  will  be  ob* 
tained.  By  concentrating  the  liquid  still  farther^  more  crystals 
of  sulphate  of  niqkel  will  fall ;  but  after  a  certain  time  the 
liquid,  though  its  colour  continues  dark  green,  refuses  to  yield 
any  more  crystals  of  the  sulphate.     When  evaporated  still 
fhrther  and  set  aside,  a  very  abundant  deposit  is  made  of  an 
apple-green  Salt,  which  adheres  very  firmly  to  the  evaporating 
dish,  and  which  is  a   double  salt  consisting  of  sulphate  of 
nickel  and  arseniate  of  nickel.     Dissolve  this  in  water,  and 
pass  a  current  of  sulphureted  hydrogen  gas  through  it,  as 
long  as  any  precipitate  appears.     Filter  and  evaporate  again*, 
when  it  will  still  be  converted  into  an  apple-green  matteiv 
When  this  is  dissolved  in  water,  the  liquid  becomes  opake, 
owing  to  the  separation  of  a  quantity  of  arsenious  acid.     The 
liquid,  being  filtered  and  again  evaporated,  yields  crystals  of 
true  sulphate  of  nickel.     For  greater  security,  the  whole  of 
the  sulphate  of  nickel,  which  has  been  obtained,  may  be  re- 
dissolved  and  crystallized  a  second  time. 

The  pure  sulphate  is  next  to  be  dissolved  in  water,  and  de? 
composed  by  carbonate  of  soda.  The  carbonate  of  nickel,  when 
well  washed  and  dried,  is  a  light  green  coloured  powder.  To 
reduce  the  metal,  this  carbonate  is  to  be  made  up  into  balip 
with  a  little  oil,  which  is  to  be  put  into  a  Hessian  crucible,  and 
surrounded  with  powdered  charcoal.  A  cover  is  to  be  luted 
on  the  crucible,  and  it  is  to  be  exposed,  for  two  hours,  to  the 
strongest  heat  that  can  be  raised  in  a  melting  furnace.  By 
this  process,  Dr.  Thomson  has  always  obtained  a  button  of 
pure  nickel  in  the  metallic  state.  (Ann.  of  Phil,  xiv*  IH.)  ; 
Dr.  Clarke,  of  Cambridge,  has  also  shown  that  tl>^  <?ryfit^l« 
of  nitrate  of  nickel,  jwh^  placed  in  a  canity  scooped  out  of  a 
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piece  of  charcoal,  and  exposed  to  the  oxy-hydrogen  blow- 
pipe, afford  a  bead  of  metallic  nickel.  This,  however,  is  a 
process  obviously  adapted  to  yield  only  very  minute  quantities 
oC  nickel.  (Ann.  of  Phil.  xiv.  p.  142.) 

Other  processes,  for  obtaining  and  purifying  nickel,  are 
described  by  Richter  in  the  12th  volume  of  Nicholson's  Jour- 
nal ;  by  Robiquet  in  the  69tb,  and  by  Tupputi  in  the  78th,  vo- 
lumes of  the  Annales  de  Chimie;  and  by  Mr.  Mill  in  the 
Annals  of  Philosophy,  N.  S.  iii.  201 .  The  memoir  of  Tupputi 
contains  an  elaborate  investigation  of  the  properties  and  com- 
binations of  nickel. 

Pure  nickel  has  the  following  characters: 
Its  colour  is  white,  and  intermediate  between  those  of  silver 
and  tin.  It  admits  of  being  finely  polished,  and  has  then  a 
lustre  between  those  of  steel  and  platinum.  When  ignited, 
its  colour  changes  to  that  of  antique  bronze,  which  is  increased 
every  time  the  metal  is  heated. 

It  is  perfectly  malleable,  and  may  be  forged  when  hot  into 
bars,  and  hammered  into  plates  when  cold.  At  5^^  Fahr.» 
Tourte  found  its  specific  gravity  8.402,  and,  ailer  being 
thoroughly  hammered,  8.9S2.  It  is  ductile,  and  may  be  drawn 
into  very  fine  wire.  It  cannot  easily  be  soldered,  on  account 
of  the  oxide  which  forms  on  its  surbce  when  heated.  Its 
power  of  conducting  heat  is  superior  to  that  either  of  copper 
or  zinc.  It  obeys  the  magnet,  and  is  itself  capable  of  be- 
coming magnetic,  properties  which  are  retained  even  when 
it  is  alloyed  with  a  little  arsenic,  and,  as  Lampadius  has 
shown,*  with  other  metals.  In  difficult  fusibility  by  heat,  it 
appears  to  equal  manganese. 

Oxides  of  Nickel. — Nickel  appears  to  be  susceptible  of  two 
different  states  of  oxidation.  By  long  exposure  to  a  red 
heat,  with  free  access  of  air,  it  is  conveited  into  a  dark  browii 
oxide,  which  is  still  magnetic.  In  oxygen  gas,  it  bums 
vividly,  and  throws  out  sparks.  When  precipitated  from  its 
tdutions  by  alkalis,  and  moderately  ignited,  it  becomes  of  an 
ash-grey  colour  with  a  slight  tinge  of  blue  or  green,  and  in 
this  state  consists,  according  to  Klaproth,  of  100  metal  -f- 

*  Thomscn's  Anaals,  v.  6f  • 
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51.5  oxygen.  B;  farther  ignition,  it  becotties  blackiih  grey, 
and  then  consists,  as  stated  by  Richter,  of  100  metal  and  28.2 
oxygen.  Tupputi,  from  100  grains  of  nickel  dissolved  in 
nitric  acid,  precipitated  by  a  fixed  alkali,  and  calcined,  ob- 
^ined  127  grains  of  an  ash-grey  powder,  which  is  to  be  con** 
sidered  as  the  protoxide.     Hence  it  is  composed  of 

Nickel 78.8  ....  100  ....  1  atom  =:  29.5 

Oxygen 21.2  ....     27  .  • .  •  1    do.    s:     8. 

100.     -  .  S7.5 

The  atom  of  protoxide  will  be  represented  then  by  37*5,  or 
in  round  numbers  by  38 ;  and  30  may  be  taken  as  the  equi« 
valent  of  the  metal. 

Thenard  describes  also  a  black  peroxide  of  nickel,  obtained 
by  passing  a  current  of  chlorine  gas,  through  water  in  which 
the  hydrate  is  suspended.  Its  precise  composition  is  unknown; 
but  it  has  been  stated  by  IlolhofF  to  contain  1-^  times  as  much 
oxygen  as  the  protoxide,  to  which  he  assigns  27.255  oxygen 
on  100  of  the  metal.  Tlie  peroxide,  therefore,  should  consist 
pf  100  nickel  +  40.882  oxygen.  lu  a  sufficiently  high  tem- 
perature, these  oxides  are  reducible  without  addition ;  nor  is 
nickel  more  tarnished  by  a  strong  heat  than  gold,  silver,  or 
platinum.  It  ranks,  therefore,  among  the  noble  or  perfect 
metals. 

Salts  of  Nickel. 

Chloride. — Nickel,  when  heated  in  chlorine  gaSj  affords  an 
olive  coloured  compound,  which  is  probably  a  bi'^hloridcf  con- 
stituted of  80  nickel  4-  72  chlorine.  The  muriate  of  nickel, 
when  evaporated  and  strongly  heated,  affords  brilliant  yellow 
scales,  which  are  probably  the  proto-chloride;  but  the  analysis 
of  these  compounds  has  not  been  particularly  attended  to. 

Iodide  of  nickel  may  be  formed  by  precipitating  any  solution 
of  nickel  with  hydriodate  of  potassa.  It  is  insoluble  and  of  a 
green  colour. 

The  sulphuric  and  muriatic  acids  have  little  action  on 
nickel ;  but  the  former  is  enabled  to  dissolve  it  by  additions  of 
nitric  acid,  made  in  successive  portions  till  the  solution  is 
complete.  Sulphate  of  nickel  is  a  beautiful  green  salt  in 
quadrangular  prisms,  which  arc  not  altered  by  exposure  to  the 
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^itndosphere.  It  has  a  sweetish  and  astringent  taste ;  and  fs 
soluble  in  three  times  its  weight  of  water  at  60^.  Dr. 
Thomson  (Ann.  of  Phil.  i.  250,)  has  analyzed  this  salt,  with 
a  view  to  ascertain  the  equivalent  number  of  nickel,  which  he 
deduces  to  be  S.25  =:  26,  oxygen  being  considered  as  8.   The 

sulphate  he  finds  to  consist  of 

Atoms. 

Sulphuric  acicl ..••••  29.1   =   1 

.    Protoxide  (per  Thomson) . .  •  • «  25.     =   1  ' 
Water 45.9  =  7 

100. 

The  appropriate  solvents  of  nickel  are  the  nilric  and  mtro- 
murialic  acids.  The  nitric  solution  has  a  beautiful  grass- 
green  colour,  and  on  evaporation  affords  rhomboidal  crystal^ 
which  have  not  been  precisely  analyzed.  Carbonate  of  potassa 
throws  down  an  apple-green  precipitate,  which  assumes  a  dark 
grey  colour  when  heated.  The  fixed  alkalis  occasion  a  bulky 
greenish  white  precipitate,  which  is  a  hydrate  or  hydro*oxide 
of  nickel,  composed  of  76  per  cent,  of  the  protoxide  and  24 
water. 

When  pure  ammonia  is  added  to  nitrate  of  nickel,  a  preci- 
.pitate  is  formed,  resembling  that  which  is  separated  by  anx- 
nionia  from  a  solution  of  copper,  but  not  of  so  deep  a  hue. 
This  colour  changes,  in  an  hour  or  two,  to  an  amethyst  red, 
tmd  to  a  violet;  which  colours  are  converted  to  apple-green 
•by  Bn  acid,  and  again  to  blue  and  violet  by  ammonia.  If  the 
^precipitate  retain  its  blue  colour,  the  presence  of  copper  is 
indicated.*  This  precipitate,  which  is  a  hydrate,  is  redissolved 
.by  an  excestof  ammonia;  and  by  this  property  the  oxide  of 
nickel  may  be  separated,  in  analyses,  from  those  of  almost  all 
»ther  metals* 

From  the  soluticHis  of  nickel,  ferro^cyanate  of  potassa  throws 
down  a  sea-green  precipitate.  According  to  Bergman,  250 
parts  of  this  contain  lOO  of  metallic  nickel.  This  statement, 
however,  differs  considerably  from  Kiaproth's,  according  to 
;whom  100  grains  of  nickel,  after  solution  in  sulphuric  acid, 

*  8ee  RIchter  in  Nicholion's  Journal^  xii. 
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jgive  a  precipitate  by  prussiate  of  potafesa,  which,  after  being 
ignited,  weighs  SOO  grains. 

Tincture  of  galls  produces  no  change  in  solutions  of  nickel, 

Arseniate  of  potassa  precipitates  from  the  nitrate  a  pale 
green  arseniate  of  nickel ;  soluble,  according  to  Berzelius 
(Ann.  de  Chim,  et  Phys.  xvii.  220),  in  pure  ammonia.  From 
this  solution,  potassa  throws  down  a  compound  of  oxide  of 
tiickel  with  potassa,  and  the  acid  of  arsenic  remains  united 
with  the  alkali. 

The  solutions  of  nickel  do  not  deposit  the  metal  either  on 
polished  iron  or  zinc*  All  that  takes  place  by  the  action  of 
zinc,  is  the  separation  of  a  mud-coloured  precipitate,  consist- 
ing, for  the  most  part,  of  arsenic  and  iron,  with  which  nickel 
generally  abounds.  Hence  the  green  colour  of  the  solutions 
of  nickel  is  greatly  improved  by  the  action  of  zinc. 

Sulphureis  of  Nickel. — Solutions  of  all  the  salts  of  nickel  are 
decomposed  by  alkaline  hydro-sulphurets,  with  which  they 
form  black  precipitates;  but  sulphureted  hydrogen  has  ho 
effect  on  them.  Nickel  may,  however,  be  combined  directly 
with  sulphur  by  fusion,  and  forms  a  grey  compound  with  a 
metallic  lustre.  The  proto-sulphuret  contains,  according  to 
Mr.  E.  Davy's  experiments,  84  per  cent,  of  sulphur;  and  the 
bi-sulphuret,  which  may  be  formed  by  heating  the  p)*otoxid^ 
with  sulphur,  is  stated,  by  the  same  chemist,  to  contain  4S.5 
per  cent,  of  sulphur.  In  the  proto-sulphuret,  therefore,  100 
of  metal  are  united  with  51.5  sulphur,  which,  divided  by  2,  is 
not  very  remote  from  the  oxygen  stated  by  Tupputi  as  con- 
stituting protoxide.  The  analysis  of  the  bi-sulphuret,  how- 
ever, is  not  agreeable  to  any  atomic  proportions. 

^Carburet. — Nickel  is  susceptible  of  uniting  widi  carbon,  and 
is  apt  indeed  to  form  this  union  when  reduced  from  its  salts 
by  carbonaceous  matter.  According  to  Mr.  Ross,  it  forms  a 
substance  resembling  iodine  or  micaceous  iron  ore.  (Ann.  of 
Phil.  N.  S.  ii.  62,  149,  and  iii.  201.) 

Nickel  may  be  alloyed  with  most  of  the  metals,  but  the 
compounds  have  no  particularly  interesting  qualities.  An 
alloy  of  iron  and  nickel  has  been  found  in  all  the  meteoric 

*  See  Klaproth's  Analytical  Essajs,  i.  433. 
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stones  tbnt  have  hitherto  been  analj'sed,  however  remote  from 
each  other  the  parts  of  the  world  in  which  they  have  fallen. 
In  these,  it  forms  from  1^  to  17  per  cent,  of  their  weight.  It 
enters,  also,  into  the  composition  of  the  large  masses  of  native 
iron  discovered  in  Siberia  and  in  South  America ;  and  was 
found  by  Mr.  Brande  to  the  extent  of  3  per  cent,  in  native 
iron  brought  from  the  Arctic  regions. 

To  detect,  in  a  general  way,  the  presence  of  nickel  in  iron. 
Dr.  Wollaston  recommends  that  a  small  quantity  (which  need 
not  exceed  -^  of  a  grain)  should  be  filed  from  the  specimen ; 
dissolved  in  a  drop  of  nitric  acid  ;  and  evaporated  to  dryness. 
A  drop  or  two  of  pure  liquid  ammonia,  added  to  the  dry  mass 
and  gently  warmed,  dissolves  any  nickel  tUat  may  be  present. 
The  transparent  part  of  the  fluid  is  then  to  be  led,  by  the  end 
of  a  glass  rod,  to  a  small  distance  from  the  precipitated  oxide 
of  iron ;  and  the  addition  of  a  drop  of  triple  prussiate  of 
potassa  detects  the  presence  of  nickel  by  the  appearance  of  a 
milky  cloud,  which  is  not  discernible  in  the  solution  of  a 
similar  quantity  of  common  wrought  iron  treated  in  the  same 
manner.  The  method  of  ascertaining  with  precision  the 
quantity  of  nickel  in  its  alloy  with  iron,  employed  by  the  same 
philosopher,  will  be  described  in  the  chapter  on  mineral 
analysis. 
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CHAPTER  X. 

VEGETABLE   SUBSTANCES. 

Vegetable  substances,  though  distinguished  from  each 
other  by  peculiar  characters,  present  several  circumstances  of 
agreement  as  to  chemical  properties.  Oxygen,  hydrogen, 
and  carbon  are  their  principal  ingredients,  to  which  a  certain 
proportion  of  nitrogen  is  sometimes  added;  and  variations  in 
the  proportions,  and  mode  of  combination,  of  these  elements, 
occasion  the  great  diversity,  which  subsists  among  the  pro^ 
ducts  of  the  vegetable  kingdom.  They  are  all  susceptible  of 
decomposition  by  heat  alone ;  but  we  cannot  always,  as  in 
bodies  of  the  mineral  kingdom,  proceed  from  a  loiowledge 
of  their  components  to  the  actual  formation  of  the  substances 
themselves.  It  is  not  probable,  indeed,  that  we  shall  ever 
attain  the  power  of  imitating  nature  in  these  operations.  For 
in  the  functions  of  a  living  plant,  a  directing  principle  appears 
to  be  concerned,  peculiar  to  animated  bodies,  and  superior  to, 
and  differing  from,  the  cause  which  has  been  termed  chemical 
affinity. 

The  distinction  (as  has  been  well  observed  by  Berzelins*) 
between  inorganic  and  organic  compounds  appears  to  be  this. 
The  inorganic  are  composed  either  of  combustible  bodies  only, 
or  of  one  or  more  of  those  bodies  in  the  state  of  oxides.  When 
constituted  of  the  latter,  each  combustible  base  is  united  with 
a  portion  of  oxygen,  which  belongs  exclusively  to  it,  and 
which  accompanies  it,  when  it  is  detached  from  combination. 
If,  for  example,  we  resolve  sulphate  of  potassa  into  its  imme- 
diate principles,  the  oxygen,  which  with  the  sulphur  consti- 
tutes sulphuric  acid,  and  that,  which  exists  in  potassa,  remain 
attached  to  the  combustible  bases,  sulphur  and  potassium. 
But  in  organic  compounds  containing  oxygen  as  an  element, 
we  have  two  or  more  combustible  bases^  united  to  one  por* 

•  aa  An.  4«  0^01.37. 
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tton  of  oxygen,  which  cannot  be  said  to  belong  more  to  the 
one  base,  than  to  the  other ;  and  which  would  not  suflBce  to 
bring  any  one  of  those  bases  to  its  maximum  of  oxidation. 

The  productions,  of  which  I  am  about  to  offer  the  che- 
mical history,  may  be  regarded  as  the  immediate  or  proximate 
principles  of  vegetables;  for  we  may  presume,  generally  speak- 
ing, that  they  exist  in  the  living  plant  in  a  state  identical  with 
that,  under  which  chemical  processes  exhibit  them.  It  is  not 
so  when  we  proceed  to  the  ultimate  analysis  of  vegetables;  for, 
in  that  case,  we  obtain  compounds,  which  formed  no  part  of 
the  vegetable  structure,  and  which  result  from  an  entirely  new 
arrangement  of  the  elements  composing  it.  Acetic  and  car- 
bonic acids,  for  example,  are  obtained  by  the  destructive  dis- 
tillation of  several  vegetable  substances,  in  which  neither  of 
those  acids  existed  ready  formed,  but  only  their  elements. 

The  destructive  distillation  of  vegetables,  or  the  subjecting 
them  to  the  action  of  heat  in  close  vessels,  with  a  view  to 
collect  both  the  condensible  and  aeriform  products,  was,  until 
within  a  few  years  past,  the  only  method  employed  to  deter- 
mine the  proportion  of  their  ultimate  elements;  but  more  re- 
fined and  perfect  modes  of  analysis  were  introduced  by  Gay 
Lussac  and  Thenard,  which  have  afibrded  results  much  more 
deserving  of  confidence.*  The  object  of  these  improved  pro- 
cesses, which  are  equally  applicable  to  vegetable  and  animal 
substances,  is  to  convert  the  whole  of  the  carbon  into  carbonic 
acid,  and  the  whole  of  the  hydrogen  into  water,  by  means  of 
some  compound  containing  oxygen  in  so  loose  a  state  of  union, 
as  to  give  it  up  to  those  bases  at  the  temperature  of  ignition* 
The  following  illustrations  are  intended  to  explain  the  ration- 
ale of  the  process. 

Ultimate  Analysis  of  Organic  Sulstcuices. 

1.  If  we  have  charcoal  only,  mixed  with  incombustible 
matter,  and  wish  to  determine  its  quantity,  all  tliat  is  neces- 
sary is  to  expose  a  known  weight  of  the  substance  under  exa- 
mination, in  a  state  of  perfect  mixture  with  a  fit  oxide,  to  a 
red  heat,  and  to  collect  the  carbonic  acid.     From  the  volume 


*  Rccherches  Pbys.  CKim.  ii. 
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of  this  gas,  its  weight  may  be  easily  calculated  (see  vol.  i. 
p.  341.) ;  and  of  this  weight  six  parts  in  22  are  pure  carbon. 

2.  Let  us  next  suppose  that  we  are  operating  on  a  com- 
pound of  charcoal  with  hydrogen.  This,  if  solid,  must  be 
mixed  with  an  excess  of  the  oxidated  substance  which  is  era- 
ployed,  and  the  carbonic  acid  collected  as  before.  Calculat- 
ing, by  the  same  method,  the  quantity  of  charcoal  which  it 
contains^  we  obtain  the  weight  of  one  element  of  our  unknown 
compound;  and  this,  deducted  from  the  weight  which  was 
submitted  to  experiment,  gives  the  weight  of  the  remaining 
element,  hydrogen.  To  attain  greater  certainty,  the  water, 
which  is  formed,  may  be  actually  collected,  by  a  proper  addi- 
tion to  the  apparatus,  either  at  the  same  operation  with  the 
carbonic  acid,  or  at  another,  performed  expressly  for  the  pur- 
pose. Of  this  water,  one  part  in  nine  is  hydrogen.  The 
carbon,  calculated  from  the  carbonic  acid,  and  the  hydrogen 
from  the  water,  should  together  make  up  precisely  the  weight 
of  the  compound  on  which  we  have  operated. 

3.  A  third  case  may  be  supposed,  in  which  carbon  and 
hydrogen  are  united  with  oxygen,  but  yet  not  with  enough  to 
convert  them  entirely,  at  a  high  temperature,  into  carbonic  acid 
and  water.  In  this  case,  the  first  steps  of  the  operation  are 
the  same  as  before.  But  on  summing  up  the  results,  the 
weight  of  the  carbon  and  hydrogen,  discovered  in  the  pro- 
ducts, will  be  found  to  fall  short  of  the  weight  of  the  substance 
submitted  to  experiment.  If  no  other  product  has  been 
formed,  beside  water  and  carbonic  acid,  the  deficiency  may 
safely  be  placed  to  the  account  of  oxygen.  For  example,  if 
from  10  grains  of  a  supposed  compound  of  hydrogen  and 
carbon  we  obtain,  by  ignition  with  an  oxide,  22  grains  of 
carbonic  acid  and  9  grains  of  water,  these  are  equivalent  to 
6  grains  of  carbon  and  1  of  hydrogen  :  but  6+1  =  7  leave 
a  deficiency  of  3  grains,  which  may  be  inferred  to  be  oxygen. 
To  verify  this  conclusion,  if  at  all  doubtful,  it  may  be  proper 
to  eacamine  what  quantity  of  oxygen  has  been  lost  by  the 
oxide  employed  to  effect  decomposition ;  and  if  this  fall  short 
of  the  oxygen  contained  in  the  carbonic  acid,  and  in  the 
water,  then  the  quanti^  required  to  make  up  the  sum,  must 
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bnFe  previou^y  ^xi^te^i  in  tbi^  subject  of  analysis*  For  ip-' 
staiipe,  in  t^lip  suppcised  case,  wp  find  16  grains  of  oxygen  in 
t^e  carbonip  ficid  and  8  in  t(ie  water  obtained,  together  24 ; 
but  if  tjie  oxide  c^^  he  shown  by  experiment,  to  have  lost 
pnly  ^\  grains,  we  inay  ^fely  (include  that  S  grains  pre* 
ei^isted  in  the  coinpound. 

i.  In  a  few  vegetable  substances,  and  in  almost  all  animal 
pnes,  beside  carbon,  hydrogen,  and  oxygen,  azote  or  nitrogen 
exists  as  a  component,  aqd  its  quantity  requires  to  be  deter« 
miQ^d.  With  a  proper  attention  to  the  details  of  the  process, 
this  fourth  element  may  be  obtained  in  the  state  of  a  gas, 
which  reqaains  after  absorbing  the  carbonic  acid  by  solution 
of  potassa,  and  the  oxygen  (if  any)  by  a  6t  agent  From  the 
vphirae  of  the  gas,  its  absolute  weight  may  easily  be  calculate 
^d.     (See  vol.  i.  p.  282.) 

Such  is  an  outline  of  the  process  employed  for  the  deoom'^ 
position  of  vegetable  and  animal  substances^  divested  of  all 
details  for  the  purpose  of  rendering  its  objects  and  results  mora 
]nt(illigible.  These  details,  however,  are  of  considerable  im- 
pprtance  in  practice,  and  will,  therefore,  be  presently  stated  at 
length.  It  may  be  proper,  howcver,.first  to  remark,  that  all  tl)e 
analyses  which  have  been  thus  performed,  and  which  are  worthy 
pf  confidence,  conspire  to  prove  that  the  elements  of  organized, 
\i\ie  ik(xsfi  of  inorganic  matter,  are  united  in  definite  propor- 
tions ;  and  farther,  that  the  law  of  simple  multiples  holds  strictly 
Mfith  respect  to  tjie  elements  of  organic  bodies.  We  may 
derive,  therefore,  as  has  been  well  observed  by  Dr.  Prout,  the 
QiQSt  valuable  assistance  in  our  researches  into  organic  coro« 
paund^  from  the  me  of  Dr.  Wollaston's  scale  of  chemical 
equivalents.*  To  fit  it  for  this  purpose?  he  recommends  that  it 
be  extended  a  little,  by  pasting  two  slips  of  drawing  paper  on  its 
edges,  of  such  a  breadth  as  just  to  lap  over  and  cover  the  mar- 
gin^  containiDg  the  names  of  the  chemical  substances  generally 
marked  upon  it,  and  to  coincide  with  the  g^ailuated  edges  of  the 
slide.  On  these  sli))s  of  paper  arc  to  be  marked  the  multiples 
pf  an  atom  of  oxygen,  hydrogen,  and  carbon,  from  one  to  ten ; 

«Ann.  ofPbiKjv,  9?e, 
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und  oraflo^  ftdm  OM  to  four  or  fire  or  inore.  Thas  ptefiAf&df 
it  will  be  easily  applied,  by  all  who  are  acquainted  f^ith  lli^ 
prineipto  erf*  the  instfdinent^  to  the  puf^odes  of  faeJlitatitig  iind 
r^riQfidg  fltialjrses,  thfe  results  of  wbich  call  only  be  torfect 
when  Ihcy  agree  wilh  sdtae  of  the  (irdportional  htlmb^rsj 
BdArked  upon  the  seale.  For  example^  an  atKil^si^  showing  4d 
pans  <ff  oxyg^n^  6  of  hydrcJgeti,  aiid  S6  of  ciirbcrn,  Hi  a  Ve^i 
ttble  codipoandi  6t  quatitities  profjortional  td  these,  rigfed* 
with  six  atoms  of  €A6h  of  those  elemetits.  But  soch  M  &lt^- 
atfon  of  liny  ^  those  htiibbe^s  as  wdtild  indkate  the  fh^ctiod 
ef  dn  atdtii  (the  reddctioh  of  th^  carbod,  for  instatice,  to  H) 
Iroald  be  inconsistent  with  the  law  of  siijipl^  multiples,  and 
would  suggest  the  necessity  df  k  fresh  Bppe^i  to  cfipeff^ 
mttt** 

Tb^  flgehti  first  employed  by  Gay  LusMc  find  Theti&rd  itt 
the  eombustion  of  drganic  substances,  yArgs  the  chlorate  of 
poiassa^  (voK  i.  p,  SIS)  applied  by  rtieans  of  ah  IngehiotfS  ftp- 
paratos,  ^hich  Is  described  iti  flife  secdnd  irolnrri^  6f  their 
Reehefches  Pftynca-chimlqueSf  and  ftlsd  in  Mr.  Children's  trftfis*; 
latlon  of  Thehard  on  Chemical  Analysis.  Ft*  ebldrrite  of 
potassa.  Gay  Ltissac  afterwards  substitdt^  the  petoxiie  of 
copper^  which,  being  fotind  to  aiFofd  mofefllccuraie  results,  teith 
a  less  Complicated  apparatus,  and  fewer  difficulties  of'  manipu- 
lation, 19  now  generally  preferred,  Specially  fax  the  analysis  of 
animal  compounds.  Peroxide  of  copper  may  be  prepared  for 
ttiis  purpose  by  calcining  on  a  muffle  the  scales  or  filings  of 
that  metal,  ^ultefizing  them  repe^atedly,  and  again  s|)te^diifg 
diem  on  thd  muffle;  or  by  calcining  the  nitrate  of  coppier  at 
il  low  red  heat.  Several  variations  ih  the  tiiefthod  6f  proeeed^- 
ing  have  been  recommended  by  different  experimenters.  Th^ 
tube,  for  containing  the  mixture  of  the  oxid6  and  body  to  be 
analysed,  is  by  some  preferred  of  copper,  by  others  of  glass ; 
and  the  hedt  has  been  applied,  either  by  encompassfhg  the 
tube  with  burning  charcoal,  or  with  the  flame  of  a  spirit  lamp. 
Glass  tubes  of  about  l-3d  of  an  inch  bore,  or  of  k  diameter 
adapted  to  the  quantity  operated  upon,  seem/  on  the  whole,  to 
be  preferable  to  raetallie  ones;  md  the  hetft  of  a  spirit  lamp, 
used  in  the  Mdsi  improved  manner,  appearnr  to  mef  iMle^iMte  80^ 
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effect  a  complete  decomposition  of  most  vegetable  and  animal 
compounds. 

If  the  substance  be  a  solid,  from  3  to  5  grains  carefully 
dried,  (which  is  best  done  by  placing  it  in  fine  powder  under 
an  exhausted  receiver  along  with  sulphuric  acid,)*  are  to  be 
triturated  in  a  glass  or  porphyry  mortar,  first  by  themselves, 
and  then  with  120  to  200  grains  of  the  peroxide  of  copper, 
added  by  degrees,  so' that  the  substance  and  the  oxide  may  be 
thoroughly  incorporated.  This  mixture  must  be  transferred^ 
with  the  most  scrupulous  care  to  avoid  loss,  into  the  glass 
tube,  and  a  little  more  of  the  protoxide  must  be  triturated  in 
the  mortar,  to  collect  any  remains  of  the  substance  under 
analysis,  and  then  added  to  the  contents  of  the  tube.  Over 
these,  20  or  SO  grains  of  the  peroxide  may  be  placed ;  and 
the  remainder  of  the  tube  may  be  filled  with  perfectly  dry 
amianthus.  The  peroxide  should  either  have  been  recently 
cooled  from  a  state  of  ignition,  or,  as  advised  by  Dr.  Ure, 
have  been  suffered  to  imbibe  all  the  moisture  it  is  capable  of 
absorbing  from  the  air,  and  assayed  for  the  quantity,  which, 
in  that  case,  must  be  deducted  from  the  loss  of  weight,  sus- 
tained by  the  peroxidjs  in  the  experiment.  To  operate  on  a^ 
fluid.  Dr.  Ure  incloses  it  in  a  small  glass  bulb  capable  of 
holding  three  grains  of  water,  and  having  a  small  pointed 
orifice.  It  is  easy  to  fill  such  a  bulb  by  first  expelling  the  air 
from  it  by  heat,  and  then  immersing  its  orifice  in  the  liquid. 
The  bulb  thus  filled,  and  carefully  weighed,  is  to  be  placed  at 
the  bottom  of  the  tube,  and  covered  with  the  requisite  quan- 
tity of  the  peroxide  of  copper.  In  all  cases,  the  tube,  with 
its  contents,  should  be  accurately  weighed,  and  its  weight 
registered. 

For  the  purpose  of  applying  heat  to  the  tube,  and  obtaining 
tlie  gaseous  products  with  only  a  small  quantity  of  mercury, 
an  useful  apparatus  has  been  contrived  by  Dr.  Prout.  Of  this 
I  am  induced,  by  having  witnessed  its  successful  application  in 
his  hands,  to  give  the  annexed  sketch. 


*  An  apparatus  for  drying  substances  in  vacuo,  at  a  temperature  of  S 19 
Fahrenheit,  is  described  by  Dr.  Prout  in  Ann.  of  Phil.  vi.  S72. 
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Two  square  upright  pillars  are  morticed  into  a  square  tray 
(a  a  at  the  bottom  of  the  figure)  about  d-4th8  of  an  inch  deep, 
and  are  fixed  at  the  top  by  brass  screws  into  a  flat  shelf  of  wood, 
3  in.  broad  at  each  end,  and  5  in  the  middle,  in  which  is  an  oVal 
slit  or  hole  4^  inches  long  and  1 4.  wide,  distant  \^  inches  from 
the  right  hand  extremity  of  the  shelf.  Below  this  is  another 
shelf,  b  bf  which  is  moTeable  by  a  rack  and  pinion  worked  by 
a  small  handle,  as  shown  at/.  Into  a  shallow  cavity  in  this 
shelf  is  fixed  a  cistern  of  copper  covered  with  hard  varnish 
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(cast  iron  would  be  better)  and  having  a  deep  cylindrical 
cavity  or  well  at  d.  This,  to  economize  mercury,  may  occa- 
sionally be  filled  with  a  plug  of  wood  or  cast  iron.  The 
cistern  may  be  of  any  convenient  dimensions,  as  5\  long  by  14r 
wide,  and  in  its  bottom,  an  opening  is  required  about  5-8ths 
of  an  inch  diameter  for  admitting  the  glass  tube  g  g^  which 
is  secured  in  its  place  by  a  perforated  cork,  and  is  passed 
also  through  the  axis  of  a  brass  spirit  lamp,  which,  as  well 
as  the  wick,  has  a  circular  hole  for  the  purpose.  The  lamp 
is  placed  on  a  small  shelf,  perforated  also,  and  moveable  by 
the  rack  and  pinion.  A  small  mirror  of  tin,  with  the  con- 
cave side  downwards,  is  screwed  to  the  bottom  of  the  cistern, 
to  guard  the  cork  from  being  burned  by  the  heat  of  the 
lamp.  At  A  is  a  turning  button  with  a  semicircular  notch 
for  securing  in  an  upright  position  the  jar  A,  which  should  be 
capable  of  containing  7  or  8  cubical  inches.* 

The  tube  g  g  being  fixed  in  its  place,  and  the  jar  h  filled 
with  and  inverted  in  mercury,  the  spirit  lamp  is  set  as  high 
as  its  carriage  will  permit,  and  lighted.  The  part  of  the  tube, 
which  is  surrounded  by  the  burning  wick,  soon  becomes  red 
hot,  and  gas  is  evolved.  When  it  ceases  to  issue,  the  lamp 
may  be  gradually  lowered,  so  as  to  heat  successively  the  whole 
of  the  tube,  and  then  moved  upwards  to  the  top.  When  this 
has  been  skilfully  performed,  the  whole  of  the  substance  under 
analysis  will  be  found  to  have  been  decomposed ;  but  to  insure 
accuracy^  its  contents  may  be  taken  out,  triturated  in  a 
mortar,  and  subjected  to  a  repetition  of  the  same  operation. 
The  gases  obtained  must  be  exposed  to  the  action  of  liquid 
potassa,  which  will  absorb  the  carbonic  acid.  In  measuring 
the  residue^  it  will  be  neoeasary  to  equalize  the  level  of  the 
mercury  within  and  without  the  receiver,  by  immersing  it  io 
the  well  d.  The  residuary  gas  will  probably  be  nHrogen  oiily» 
but  it  may  be  assayed  for  oxygen  by  nitrous  gas  as  described 
voL  i.  p.  308.  The  gases  must  of  course  be  either  neamirtd 
at  a  Biean  of  the  barometer  or  thermometer,  or  the  proper 

•  Tbe  iastnuieiin  froni  wKieh  the  draidng  was  talna^  was  Mds  by  Mr. 
TvthMT^  Oj^lkiaiviielboni. 
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eorreetions  made  for  deviations  from  these  itaudardi»  as  well 
as  for  aqueous  vapouri  by  the  rules  already  given  vol.  L 
p.  SS,  &c. 

To  collect  the  water,  a  separate  operation  on  another  por^* 
tion  of  the  substance  is  necessary.  When  this  is  done^  the 
mercurial  cistern  may  be  removed ;  and  such  a  condensin|f 
apparatus  substituted,  as  will  be  obvious  to  persons  o<mversaiit 
with  chemical  processes* 

By  the  apparatus  of  Dr.  Prout,  a  part  only  of  the  tube 
and  its  contents  can  be  heated  at  once.  This  is  of  little  con- 
sequence when  solid  bodies  are  acted  upon ;  but  in  the  dc^ 
composition  of  liquids,  or  of  solid*  yielding  liquid  products^ 
it  Is  desirable  to  ignite  a  greater  length  of  the  tube  at  a  time^ 
To  efiect  this,  Mr.  Cooper,  of  Lambeth,  employs  a  lamp, 
which  appears  to  me  very  well  adapted  to  the  purpose,  and 
which  he  permits  me  to  mention.  It  is  of  tin,  in  the  shape 
of  a  paraLlelc^ipedon,  8  inches  long  and  l-^  square,  with  5 
flat  wick-*hoIder8  fixed  at  equal  distances  and  at  a  small  angle 
with  its  upper  sur&ce,  each  wick^holder  beiiig  half  an  inch 
broad  and  d-8ths  of  an  inch  high.  Of  these  lamps  two  are 
necessary,  and  they  are  placed  in  a  small  tin  tray  which  is 
raised  on  four  feet,  and  has  a  longitudinal  slit  in  the  middle 
7|.  inches  long  and  d-8ths  of  an  inch  wide*  On  this  tray  the 
lamps  are  placed  with  their  wicks  opposite  to  each  other ;  and 
the  tttbe^  containing  the  mixture  to  be  decomposed,  wbicb  ie 
of  green  glass,  sealed  hermetically  at  one  end,  from  10  to  14 
inches  long,  and  about  the  diameter  of  a  small  quill,  is  placed 
boriaontaUy  over  the  wicks  at  a  suitable  distance,  one  end  of 
the  tube  having  been  first  bent  by  a  lamp  into  such  a  form^ 
that  its  open  extremity  can  be  placed  under  a  jar  inverted  in 
mercury.  It  is  easy,  as  Mr.  Cooper  was  so  good  as  to  show 
me,  by  lighting  one  or  more  wicks,  and  altering  the  distance 
of  the  flames  from  the  tube,  and  of  the  lamps  from  each 
other,  to  modify  the  application  of  the  heat  as  the  cireum« 
stances  of  the  experiment  may  require.  The  alcohol,  to  jnre* 
vent  its  too  rapid  combustion,  Mr.  Cooper  dilutes  with  Watet 
to  die  spu.  gr.  of  about  .860* 

It  would  not  be  di£ScuIt  to  combine,  iu  one  apparatus,  the 
advanti^es  of  Dr*  Front's  method  #r  operalinfj^  with  those  of 
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Mr.  Cooper^s  mode.  To  effect  this,  the  open  extremity  of 
the  tube,  placed  horizontally  over  the  wicks  of  the  spirit 
lamps,  might  be  admitted  into  the  hole  at  the  bottom  of  the 
mercurial  cistern.  The  only  disadvantage  of  this  method  of 
proceeding  would  be  that  the  open  extremity  of  the  distilling 
tube  being  bent,  the  contents  of  the  tube  could  not  be  got  out, 
for  a  seoond  trituration  and  ignition,  without  breaking  it,  an 
inconvenience  which  does  not  exist  when  a  straight  tube  is 
onployed  as  in  Dr.  Front's  apparatus. 

Those,  who  prefer  employing  the  heat  of  charcoal,  will 
find  the  description  of  an  apparatus,  contrived  by  Dr.  Ure 
for  that  purpose,  in  the  Phil.  Trans,  for  1822,  p.  460.  From 
observation,  however,  of  the  effecte  of  the  heat  obtained  by 
the  combustion  of  alcohol,  it  appears  to  me  fully  sufficient, 
with  the  advantage  of  being  much  more  manageable  than  that 
of  a  charcoal  furnace. 

The  whole  of  the  operations,  connect^  with  the  ultimate 
analysis  of  vegetable  and  animal  substances,  require  consider- 
able skill ;  and  some  practice  in  them  is  necessary  to  enable  a 
person,  who  is  even  conversant  in  the  general  processes  of 
chemistry,  to  obtain  accurate  results.  A  single  experiment 
should  never  be  depended  upon ;  but  the  analysis  of  each 
substance  should  be  several  times  repeated,  and  a  mean  taken 
of  those  which  do  not  present  any  very  striking  disagreement, 
excluding  those  results  which  vary  so  much  from  the  average, 
as  to  lead  to  a  suspicion  of  some  failure  in  the  manipulations. 

It  may  sometimes  perhaps,  on  a  first  view,  excite  suspicion 
of  the  competency  of  these  methods  of  ultimate  analysis  to 
.  afford  accurate  results,  when  we  remark  the  very  near  coin- 
cidence not  only  with  respect  to  the  kindf  but  even  to  the 
proportions  which  have  been  thus  deduced,  of  the  elements  of 
substances,  differing  essentially  as  to  their  chemical  and  sen- 
sible properties.  In  the  instances  of  gum,  sugar,  and  starch, 
the  differences  of  composition,  discovered  by  the  experiments 
of  Gay  Lussac  and  Thenard,  are  so  extremely  small,  as  not  to 
indicate  any  difference  either  of  the  kind  or  the  number  of 
elementary  atoms.  The  results,  however,  are  not,  in  this  or 
similar  cases,  to  be  pronounced,  for  that  reason  only,  to  be 
inaccurate ;  for  it  is  probable  that  in  vqfetable  substances  it 
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18  not  only  tbe  nimher  and  kind  of  the  respective  atoms^  but 
the  mpde  of  their  arrangetneni^  which  occasions  their  distinctive 
characters.  This  view  of  the  subject  is  confirmed,  when  we 
observe  the  important  changes  in  the  properties  of  vegetable 
substances,  and  the  convertibility  of  diose,  which  appear  so 
nearly  allied  into  each  other,  by  slight  causes,  such  as  alter- 
ations of  temperature,  or  weak  chemical  agents,  instances 
of  which  will  be  given  in  the  sequel. 

From  a  review  of  their  experiments  on  the  analysis  of 
vegetable  substances,  Gay  Lussac  and  Thenard  deduced  the 
following  general  conclusions : 

.  I.  A  vegetable  substance  is  always  acid,  when  the  oxygen, 
which  it  contains,  is  to  the  hydrogen,  in  a  proportion  greater 
than  is  necessary  to  compose  water. 

II.  A  vegetable  substance  is  always  resinous,  or  oily,  or 
alcoholic,  &c.  when  the  oxygen,  contained  in  it,  is  to  the 
hydrogen,  in  a  less  proportion  than  in  water. 
'  III.  A  vegetable  substance  is  neither  acid  nor  resinous,  but 
in  a  state  analogous  to  sugar,  gum,  starch,  lignin,  &c.  when- 
ever oxygen  and  hydrogen  enter  into  its  composition  in  the 
same  proportions  as  in  water. 

Without  supposing  then,  that  oxygen  and  hydrogen  exist, 
as  water,  in  vegetables,  we  may,  for  the  sake  of  illustration, 
consider  vegetable  acids,  as  constituted  of  carbon,  water,  and 
oxygen; — the  resins,  alcohol,  ether,  &c.  as  composed  of 
carbon,  water,  and  hydrogen ;— and  bodies  of  the  third  class, 
as  composed  of  carbon  and  water  only.  It  should  not,  how- 
ever, be  omitted  that  some  exceptions  to  the  generality  of 
these  principles  have  been  pointed  out  by  Saussure,*  and  by 
Mr.  Danicll.t 

The  products  of  the  vegetable  economy  are  either  situated 
in  particular  organs  or  vessels,  or  are  distributed  throughout 
the  whole  plant.  Sometimes  they  reside  in  the  root  or  stalk ; 
at  others  in  the  bark  or  leaves ;  at  others  they  are  peculiar  to 
the  fruit,  the  flowers,  the  seeds,  or  even  to  particular  parts 
of  these  organs.  When  thus  insulated,  they  may  readily  be 
procured  in  a  separate  state;  and,  in  several  instances,  nothing 

Thomson's  Annals,  vi.  431.  1  QuarMrly  Journ.  vi.  326. 
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niiM'e  is  j^eqttifed  thati  the  kbour  of  colleolitig  them.  Thus 
guiil  ^MtudeA  fr6in  some  treesj  and  mflnnft  issues  from  tb« 
bmneh^s  of  others.  Sometimesf  boweireri  we  ire  presented 
with  a  tatiety  of  substances  mingled  togeth^,  and  requiring 
separation  by  processes  which  are  sufficiently  simple,  and 
which  consist  in  repose^  filtrafidn^  pressure,  washing,  distilla^ 
ti(m  at  a  gentle  beat,  solution  by  water  and  akohol,  and 
similar  operations,  that  do  liot  alter  the  nature  of  the  bodies 
submitted  to  them. 

The  number  of  prhiciples,  which  have  thiM  been  extracted 
from  vegetables,  has  of  late  years  been  greatly  enlarged, 
and  amounts  at  present  to  upwards  of  forty*  Of  these, 
the  greater  part  are  certainly  entitled,  by  a  XttAn  of  pto* 
perties  sufficiently  characteristi<i,  to  rank  as  distinct  coin<> 
pdunds.  But  others  seem  to  be  so  nearly  allied  to  substances, 
with  Whieh  we  have  long  beeti  acquainted^  that  it  eaii  serve 
no  useful  purpose  to  assign  to  them  a  different  place  in  the 
system.  The  tinnecessary  multiplication,  indeed,  of  vegetable 
pfindples  contributes  rather  to  retard  than  to  advance  the 
progress  of  this  difficult  part  of  chemistry ;  and  it  is  only  in 
cases  of  decided  and  unequivocal  differences  of  qualitieSi  that 
we  should  proceed  to  the  establishment  df  new  species. 


SECTION  I. 

Vegeialh  Extract^  or  Extractive. 

The  term  Vegetable  Extract  is  not  to  be  understood  in  the 
sense  which  is  generally  annexed  to  it,  especially  in  pharmacy, 
as  comprehending  alt  those  parts  of  vegetables  which  may  be 
dissolved  in  water,  and  obtained  in  a  solid  form  by  evaporating 
the  solution ;  but  is  now  limited  to  a  distinct  and  peculiar 
substance.  Tlih  substance  may  be  obtained  for  the  exempli* 
^cation  of  its  properties,  by  evaporating,  at  a  temperature 
below  212^,  an  infusion  of  saffron,  prepared  with  boiRng 
distilled  water.  Extract,  thus  procure<^  has  the  following 
properties : 
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].  Ii  is  cohesive,  of  a  biY)waUh  colour,  aud  generally  of  ii 
bitterish  taste;  but  this  varies  with  the  plantj  from  which  it 
has  been  obtained. 

St  It  is  soluble  in  oold  water,  but  luore  copiously  in  hot } 
and  the  solution  is  always  coloured.  Hence  the  deeootiom 
of  certain  substances  (Peruvian  bark  for  example)  become 
turbid  on  cooling.  The  solution,  exposed  for  a  long  time  to 
the  air,  acquires  a  mouldy  pellicle,  and  undergoes  a  sort  of 
putre&ction. 

3.  When  a  solution  of  extract  is  slowly  evaporated,  it  aft 
fords  a  semi-transparent  mass ;  but  rapid  evaporation  renderf 
it  perfectly  opaque.  By  repeated  solutions  in  water,  and  eva- 
porationq,  it  acquires  a  deeper  colour,  and  loses  its  property 
of  being  soluble  in  water,  apparently  in  consequence  of  ab« 
fiorbing  oxygen  from  the  air. 

4.  Extract,  exposed  to  the  atmosphere^  slowly  imbibes 
moisture ;  or  is  imperfectly  deliquescent. 

5.  It  is  soluble  in  weak  alcohol  and  in  liquid  alkalis,  but 
neither  in  pure  alcohol,  in  ether,  nor  in  acids,  which  last  eveq 
precipitate  it  from  its  solution  in  water. 

6.  When  concentrated  sulphuric  acid  is  added^  the  odour 
of  yinegar  is  perceivable. 

7.  Water  impregnated  with" chlorine^  when  poured  into  a 
solution  of  extract,  precipitates  a  dark  yellow  powder,  which 
is  no  longer  soluble  in  water,  but  dissolves  in  hot  alcohol. 

.  8.  Extract  has  an  affinity  for  alumina.  When  the  sulphate 
or  muriate  of  alumina  is  poured  into  one  of  extract,  a  preci- 
pitate appears,  especially  if  the  mixture  be  boiled.  Whm 
linen  or  woollen  thread,  previously  impregnated  with  a  8(du- 
tion  of  alum,  with  muriate  of  tin,  or  with  chlorine^  is  boiled 
with  a  solution  of  extract,  the  thread  is  dyed  a  fiiwn  colour, 
and  the  extract  disappears  in  great  part  iVom  the  liquor. 

9.  Muriate  of  tin,  and  several  otlier  metallic  sahs,  also  pre* 
cipitate  extract  from  its  watery  solution,  their  oxides  forming 
with  it  insoluble  compounds. 

10.  Extras  is  not  precipitated  by  a  solution  of  tan. 
These  are  the  properties  of  extract,  in  the  purest  form 

under  which  we  have  yet  procured  it    As  commonly  ob« 
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tained,  however,  it  is  combined  with  one  or  more,  and  fre- 
quently with  a  great  number  of  other  principles.  In  the  sap 
of  plants,  it  exists  along  with  mucilage,  gallic  acid,  tan, 
acetate  of  potassa,  and  other  neutral  salts.  Of  the  substance 
called  catechUi  it  forms,  according  to  the  experiments  of  Sir 
H.  Davy,  a  considerable  proportion ;  and  not  being  easily 
dissolved  by  cold  water,  may  bo  obtained  by  washing  off  the 
more  soluble  parts.  The  infusions,  also,  of  most  vegetable 
substances  which  are  used  in  medicine,  such  as  senna-leaves, 
Peruvian  bark,  &c.  hold  extract  in  solution  united  with  other 
principles. 

From  a  series  of  experiments  on  this  subject.  Dr.  Bostock 
is  disposed  to  doubt  whether  tiiere  be  any  distinct  principle, 
to  which  the  title  of  extract  or  extractive  can  with  propriety  be 
given ;  and  this  doubt,  for  which  there  appears  to  be  great  rea- 
son, is  entertained,  also,  by  Braconnot,  who  finds  that  the  re- 
agents, pointed  out  as  tests  of  extract,  act  also  upon  tan. 
The  processes,  also,  for  separating  extract  from  the  other 
parts  of  vegetable  infusions,  appear  to  him  to  be  founded 
upon  incorrect  assumptions.*  He  has  not,  however,  exa- 
mined the  extract  from  saffron ;  t  but  it  has  been  the  subject 
of  a  scries  of  experiments  by  Bouillon  la  Grange  and  Vogel, 
who,  considering  it  as  a  distinct  principle,  have  given  it  the 
name  of  fHdychroUe,  on  account  of  the  mapy  different  colours 
which  it  is  capable  of  assuming.  Thus  its  natural  colour  is 
yellow;  and  its  aqueous  solution  is  deprived  of  colour  by 
exposure  to  the  sun's  rays.  Sulphuric  acid  dropped  into  the 
aqueous  solution  causes  a  deep  indigo  blue  colour ;  nitric  acid 
a  green  one ;  and  chlorine  renders  it  colourless.  %  It  may, 
however,  be  doubted  whether  these  changes  are  not  produced 
in  some  substance  accompanying  the  extract,  rather  than  in 
the  extractive  matter  itself;  and  till  this  is  decided,  the  ex- 
tract of  saffron  may  retain  the  name  which  has  been  heretofore 
assigned  to  it. 

*  Thornton's  Annals,  xii.  34.       t  See  Nicholson's  Journal,  xxiv.  204. 
X  Ana.  de  Cbim.  Ixxx.  188. 
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SECTION  11. 

Mucilage f  or  Gum, 

This  substance,  termed  mucila^Te  when  fluid,  is,  in  a  solid 
state,  generally  known  by  the  name  of  gum.  Gum  arable 
may  be  taken  as  an  example.  It  appears,  however,  from  Dr. 
Bostock's  experiments,  that  there  is  a  considerable  variety  in 
the  chemical  properties  of  diflerent  gums  and  mucilages. 

1.  Gum  is  dry,  brittle,  and  insipid,  and  undergoes  no 
change  by  exposure  to  the  atmosphere,  except  that  the  action 
of  light  destroys  the  yellow  colour,  which  it  frequently  ex- 
hibits. Its  specific  gravity  varies  from  1.300  to  1.490,  water 
being  1. 

2.  It  is  readily  soluble  in  water,  and  forms  a  viscid  solution, 
which  may  be  kept  a  long  time  without  undergoing  any 
change ;  but  finally  becomes  sour,  and  exhales  an  odour  of 
acetic  acid. 

3.  It  is  insoluble  in  alcohol  and  in  ether,  the  former  of 
which  precipitates  it  from  water,  in  opake  white  flakes. 

4.  It  is  separated  from  water,  in  a  thick  curdy  form,  by 
sub-acetate  of  lead;  and  is  thrown  down  by  the  red  sulphate 
of  iron,  in  the  state  of  a  brown  semi-transparent  jelly.  Several 
other  salts,  also,  have  a  similar  effect.  According  to  Dr. 
Thomson's  experiments,  the  salts,  containing  mercury  and 
iron  at  the  maximum  of  oxidation,  are  the  most  efficient  in 
precipitating  gum.  The  oxides  of  copper,  antimony,  and 
bismuth,  are,  also,  acted  upon  by  it ;  for  it  prevents  water 
from  precipitating  them  from  their  solutions  in  acids,  in  the 
state  of  sub-salts.  The  effects  of  re-agents  on  a  solution  of 
gum  have  been  investigated  by  Dr.  Bostock ;  *  and  have  been 
found  to  vary  considerably  in  the  different  species  of  gum ; 
for  example,  in  gum  arabic,  cherry-tree  gum,  and  linseed 
mucilage. 

Bei*zelius  has  examined  the  compound  of  gum  arabic  with 
oxide  of  lead,  to  which  he  has  given  the  improper  name  of 
gummale  of  lead.     He  finds  it  to  consist  of 

*  Se«  Nichoison's  Journal,  xviii.  Q8. 

Digitized  by  VjOOQ IC 


VECETABLB  fttTBSTANCES. 

CHAP.  X. 

Gum 61.75 

100. 

Oxide  of  lead 38.25 

62.105 

116 


100.* 

5.  Gum  is  soluble  in  pure  alkalis,  and  iq  lime-water,  and 
is  precipitated  unchanged  by  acids.  Of  the  earths,  silica 
seems  to  have  the  strongest  affinity  for  it;  a  solution  of  sili- 
cated  alkali  decomposing  a  very  dilute  solution  of  gum. 
(Thomson.)  Dr.  Duncan,  jun.,  however,  informs  me,  that 
this  precipitate  is  produced  only  by  solutions  of  the  lighter 
coloured  specimens  of  gum,  which  have  different  properties 
from  those  of  darker  colour.  The  precipitation,  when  it  does 
occur.  Dr.  Bostock  suspects  to  take  place,  only  in  consequence 
of  the  lime  which  gum  contains.  Hence  oxalic  acid,  also, 
produces  a  precipitate  from  the  solution  of  gum  arabic. 

6.  Diluted  acids  dissolve  gum  unchanged,  and  the  concen- 
trated ones  decompose  it.  Strong  sulphuric  acid  converts  it 
into  water,  acetous  acid,  and  charcoal ;  the  last  of  which 
amounts  to  'rather  more  than  one-fourth  the  weight  of  the 
gum,  and  exhibits  slight  traces  of  artificial  tan.  Nitric  acid 
dissolves  gum  with  a  disengagement  of  nitrous  gas ;  and  the 
solution,  on  cooling,  deposits  a  little  saccholactic  or  mucic 
acid.  The  production  of  mucic  acid  by  the  action  of  nitric 
acid  appears  to  be  the  characteristic  property  of  mucilage  • 
and  Vauquelin  even  obtained  this  acid  from  the  mucilage  of 
linseed.  Some  malic  acid  is  also  formed ;  and  by  continuing 
the  heat,  the  gum  is  changed  by  the  nitric  acid  into  oxalic 
acid,  which  amounts  to  nearly  one-half  the  weight  of  the  gum. 
Chlorine,  transmitted  through  a  solution  of  gum,  changes  it 
into  citric  acid.     (Vauquelin.     Ann.  de  Chim.  vi.  178.) 

7.  Gum  and  sugar  readily  combine;  and,  by  gentle  eva- 
poration of  their  mixed  solutions,  a  transparent  substance  is 
obtained.  From  this,  alcohol  separates  a  part  of  the  sugar, 
but  the  remainder  continues  in  combination,  and  forms  a  sub- 
stance resembling  that  of  which  the  nests  of  wasps  are  com- 
posed. 


*  95  Ann.  de  Chim.  77, 
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8.  Gum,  when  submitted  to  destructive  distillation  in  a 
retort,  yields  an  ackl,  formerly  called  the  pyro-mucouSi  but 
now  ascertained  to  be  merely  the  acetic,  holding  in  solution 
apoition  of  essential  oil,  and  some  ammonia,  which  last  is  dis- 
engaged on  adding  lime.  Carbureted  hydrogen  and  carbonic 
acid  gases  are  also  evolved ;  and  in  the  retort  there  remains 
charcoal,  mixed  with  lime  and  phosphate  of  lime. 

9.  By  incinerating  100  parts  of  gum,  Vauquelin  obtained 
three  parts  of  white  ashes,  consisting  chiefly  of  carbonate  of 
lime,  but  containing  also  some  phosphate  of  lime  and  iron. 

Respecting  the  varieties  of  vegetable  mucilage,  which  ap- 
pear to  be  pretty  numerous  and  well  marked,  much  valuable 
information  may  be  obtained  from  the  paper  of  Dr.  Bostock, 
which  has  been  already  referred  to.  Cherry-tree  gum,  tra« 
gacanth,  and  some  other  varieties,  have  been  considered  as 
forming  a  distinct  vegetable  substance,  to  which  the  name  of 
cerasin  has  been  given.  It  imbibes  water,  and  swells  very 
considerably  in  bulk,  but  is  not  at  all  soluble  except  in  boiling 
water,  from  which  it  again  separates  on  cooling  in  the  state  of 
a  jcUy.  With  nitric  acid  it  yields  abundance  of  mucic,  malic, 
and  oxalic  acids ;  and  the  pyromucous  acid  obtained  by  its 
distillation  gives  much  more  ammonia,  than  that  from  gum 
arable.  It  appears  then  to  contain  more  azote,  and  perhaps 
less  oxygen  and  less  carbon  than  gum  arable. 

Gum  arable,  analyzed  by  Gay  Lussac  and  Thenard,  after- 
wards by  Berzelius,  and  recently  by  Dr.  Ure^  has  been  found 
to  consist  of 

Carbon 42.23    ..«.  41.906    ....  85.25 

Oxygen 50.84    ....  51.306    ....  58.90 

Hydrogen 6.93    ....     6.788    ....     5.85 

10O.»  lOO.f  ioo.t 

Saussure^  in  addition  to  these  three  elements  found  also  a 
minute  quantity  of  nitrogen.  From  gum  arable  and  gum 
tragacanth,  he  obtained 

*  Gay  Lossac  and  Thenard.  f  Beraelius. 

t  PhiL  Trans.  }89d,  p.  4«9% 
VOL.  II.  N 
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Carbon • 45.84 

Oxygen 48.S6 

Hydrogen 5.46 

Azote ••••.•••    0.44 

100.* 

The  atomic  constitution  of  gum  has  been  investigated  in 
two  different  ways.  On  the  supposition  that  the  gumroate  of 
lead  is  composed  of  two  atoms  of  oxide  of  lead  and  one  of  guib, 
which  Dr.  Thomson  thinks  most  probable^  the  atomic  consti- 
tution of  gum  will  be  as  follows : 

Carbon  ••..•••  6  atoms  . . .  •  S6  •  •  •  •  40. 

Oxygen 6  ditto    ....  48    ....  53.34 

Hydrogen 6  ditto   ....     6   .  • . .     6.66 

90  100. 

If  the  determination  of  Dr.  Ure,  founded  on  its  ultimate 
analysis,  be  correct,  the  constitution  of  gum  should  be 

Carbon  ....••  4  atoms  •  • .  •  24  • .  •  •  35.294 
Oxygen. ••••.  5  ditto  ....  40  ..••  58.823 
Hydrogen  •  • .  •  4  ditto   • .  •  •    4   . .  •  •     5.883 

68  100. 

In  the  first  case^  which  agrees  most  nearly  with  the  results 
of  its  ultimate  analysis  by  Berselius,  the  weight  of  the  atom 
of  gum  would  be  90;  in  the  second  68.  But  as  Dr.  Ure  ac- 
knowledges that  the  gum,  which  he  submitted  to  experiment, 
had  not  been  artificially  dried,  and,  therefore,  contained  hy- 
grometric  moisture,  it  is  probable  that  the  statement  of  its 
constitution  is  most  correct,  which  is  founded  on  those  ana- 
lyses that  assign  the  larger  proportion  of  charcoal.  The  ni- 
trogen found  by  Saussure,  not  being  present  in  any  propor- 
tion amounting  to  an  atom,  may  be  regarded  as  probably  ac- 
cidental. To  determine  this  point,  however,  the  quantity  of 
ammonia  should  be  ascertained,  which  passes  over  in  combi- 
naticHi  with  acetic  acid,  when  gum  is  submitted  to  destructive 


*  ThomsoD's  Aonals^ti.  481. 
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distillation;  and  in  any  fresh  analysis  of  gum,  by  combustion 
with  chlorate  of  potassa  or  peroxide  of  copper,  it  will  be  de- 
sirable to  examine  the  gaseous  products  with  an  especial  view 
to  the  presence  of  nitrogen. 


SECTION  HI. 
Vegetable  Jelly. 

Vegetable  jelly  may  be  obtained  from  the  recently  ex-« 
pressed  juices  of  certain  fruits,  such  as  the  curront  and  goose* 
berry.  When  the  expressed  juice  of  these  fruits  is  gently 
evaporated,  and  then  allowed  to  remain,  for  some  time,  in  a 
state  of  rest,  it  partly  coagulates  into  a  tremulous  soft  sub* 
stance^  well  known  by  the  name  of  jelly.  The  coagulum^ 
washed  with  a  very  small  quantity  of  water,  is  jelly  nearly  in  a 
state  of  purity. 

Vegetable  jelly,  unless  when  tinged  by  the  fruit  from  which 
it  has  been  obtained,  is  nearly  colourless ;  has  a  pleasant  taste, 
and  a  tremulous  consistency.  It  is  soluble  in  cold  water ;  but 
more  copiously  in  hot,  and  the  solution,  if  strong  enough, 
again  gelatinates  on  cooling.  By  long  boiling  it  loses  this 
last  property,  and  is  changed  into  a  substance  analogous  to 
mucilage ;  hence  the  necessity,  in  preparing  jelly  from  currants 
and  other  fruits,  of  not  continuing  the  boiling  too  long,  for 
this  renders  it  viscid,  and  prevents  it  from  coagulating.  When 
dried,  jelly  is  transparent.  It  combines  readily  with  alkalis. 
Mitric  acid  converts  it  into  oxalic  acid,  without  disengaging 
any  azotic  gas.  Its  solution  in  water  is  precipitated  by  infu* 
sion  of  galls. 

It  is  not  improbable  that  jelly  is  nothing  more  than  gum 
combined  with  vegetable  acid ;  for  when  the  coagulated  jelly 
of  acid  fruits  is  placed  on  a  sieve,  an  acid  liquid  passes  through, 
leaving  a  tremulous  mass,  which  dries  into  a  hard  transparent 
sohstanoe^  resembling  gum,  and  having  most  of  its  properties. 
The  ultimate  analysis  of  jelly  has  not  been  attempted. 


K  2 
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SECTION  IV- 

Sugar  and  Oxalic  Acid. 
Art.  1. — Sugar. 

Almost  all  the  sugai*»  which  is  applied  to  the  common  pur- 
poses of  life,  is  derived  from  a  plant,  the  growth  of  hot  cli- 
mates, called  Arundo  Saccharifera.  This  plant  produces 
strong  canes,  inclosing  a  soft  pithy  substance,  which  yield,  by 
the  compression  of  powerful  machinery,  a  large  proportion  of 
sweet  juice.  The  juice  is  evaporated  in  copper  vessels,  with 
the  addition  of  a  small  quantity  of  slaked  lime,  the  use  of 
which  appears  to  consist  in  its  neutralizing  a  quantity  of  un- 
combined  acid,  that  would  be  unfavourable  to  the  crystalliza- 
tion of  the  sugar.  A  minute  portion  of  lime  i*emains  in  raw 
sugar,  and,  according  to  Mr.  Daniell,  causes  it  to  assume  the 
clamminess  and  soft  feel  which  characterize  what  is  called 
weak  sugar.  It  appears  desirable,  therefore,  to  avoid  using 
an  excess  of  lime.  During  the  evaporation  of  the  cane  juice, 
a  thick  scum  is  formed,  which  is  continually  removed.  The 
juice  passes  successively  from  larger  to  smaller  boilers,  till  at 
length,  in  the  last  of  these,  it  becomes  thick  and  tenacious. 
When  this  happens,  it  is  emptied  into  shallow  wooden  coolers, 
where  the  syrup  forms  a  mass  of  small  irregular  crystals,  en- 
veloped in  a  treacly  fluid.  The  whole  mass  is  drained  in  hogs- 
heads, in  the  bottoms  of  which  holes  are  bored.  The  fluid, 
which  separates,  is  called  melasses  or  treacle;  and  the  dried 
crystals  are  exported  to  this  country  under  the  name  of  raw 
or  muscovado  sugar»  A  gallon  of  juice  yields  on  an  average 
about  a  pound  of  raw  sugar. 

The  subsequent  process  which  sugar  undergoes,  with  tlie 
view  of  bringing  it  to  the  white  and  beautiful  form  of  rejined 
or  loaf-sugar,  consists  in  its  being  re-dissolved  in  lime-water, 
and  in  being  boiled  with  a  quantity  of  some  coagulable  sub- 
stance, such  as  the  whites  of  eggs  or  bullocks'  blood.  The 
proportions  used  are  generally  one  part  of  fluid  to  three  of 
sugar,  and  of  this  solution  about  fifty  gallons,  called  a  skifn 
pingf  are  put  into  a  copper  pan  capable  of  holding  about  nine 
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limes  that  quantity.  The  pan,  therefore,  being  covered  only 
a  tew  inches  from  the  bottom,  is  in  little  danger  of  boiling 
over ;  and  the  higher  the  temperature,  within  certain  limits, 
the  less  is  the  risk  of  this  accident^  because  the  highly  expan- 
sive steam  bursts  the  bubbles  as  soon  as  formed.  A  solution 
of  this  kind  boils  rapidly  at  2S0^  Fahr. ;  and  from  this  to 
2*0°  is  the  due  temperature.  If  a  solution  of  sugar  be  farther 
concentrated  by  the  evaporation  of  the  water,  the  thermome- 
ter rises  to  340°.  The  sugar  then  begins  to  turn  black,  and  at 
370°  it  takes  fire  on  applying  flame  to  its  vapour,  and  burns 
strongly,  leaving  a  residuum  of  charcoal. 

The  clarifying  substances,  added  to  the  heated  syrup,  coagu- 
late into  a  thick  scum,  which  rises  to  the  surface,  carrying 
along  with  it  the  principal  part  of  the  impurities  of  the  sugan 
After  being  evaporated  to  a  due  consistence,  the  syrup  is  let 
out  into  large  conical  earthen  pots,  widi  a  hole  at  the  apex  of 
the  coiie,  and  each  supported  by  an  earthen  jar.  When  the 
syrup  has  concreted  into  a  solid  mass,  the  plug  is  removed 
from  the  point  of  the  cone,  to  allow  the  adhering  liquid  to 
drain  off;  and  a  mixture  of  pipe-clay  and  water  is  poured 
on  the  surface  of  the  mould,  and  suffered  to  continue  there 
four  or  five  days.  The  moisture  from  this,  slowly  descending 
through  the  sugar,  carries  with  it  the  remains  of  the  darker 
coloured  syrup;  and  the  whole  loaf^  after  being  dried  in  a 
stove,  is  obtained  of  the  proper  degree  of  whiteness. 

Besides  the  juice  of  the  cane,  sugar  may  be  extracted,  also, 
from  several  other  vegetables.  The  juice,  which  flows  sponta- 
neously from  incisions  made  in  the  American  maple-tree,  af- 
fords a  quantity  suflSdent  to  render  the  process  worth  follow* 
ing.  Ripe  fruits  contain  sugar  in  considerable  quantity,  and 
by  long  keeping  after  they  have  been  dried,  it  appears,  in  a 
granular  state,  on  their  surface.  The  juice  of  the  potatoe,  the 
carrot,  and  still  more  remarkably  of  die  beet  {beta  vulgaris, 
Linn.)  yield  a  considerable  proportion  of  sugar.  To  obtain  it 
from  the  latter  vegetable,  the  roots,  softened  in  water,  are  to 
be  sliced^  and  the  juice  expressed.  It  is  then  to  be  boiled 
down  with  the  addition  of  a  little  lime  till  about  two  thirds  re- 
main, and  afterwards  strained.  These  boilings  and  strainings 
are  repeated  alternately,  till  the  liquid  attains  the  consistence 
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of  syrup)  when  it  is  left  to  cool.  The  sugar  thus  extracted, 
retains  somewhat  of  the  taste  of  the  root;  but  it  may  be  puri- 
fied by  the  operation  already  described  as  used  for  the  re- 
fining of  West  India  sugar^  and  it  then  loses  its  peculiar  fla- 
vour. The  quantity  obtained  varies  considerably;  but  in 
general  it  may  be  stated  at  between  four  and  five  pounds  firom 
XOO  pounds  of  the  beet  root,  beside  a  proportion  of  uncrystal- 
lizable  syrup.  In  Germany,  the  expence  has  been  calculated 
at  about  three  pence  per  pound;  but  this  estimate  is  probably 
under-rated.* 

From  the  experiments  of  Proust^f  it  appears  that  a  coarse 
sugar  may  be  procured  from  grapes  (of  which  many  thousand 
tons  are  annually  wasted  in  Spain),  at  the  expence  of  about 
eight  pence  per  pound ;  or,  under  favourable  circumstances, 
even  for  five  pence.  In  apples  and  pears,  in  the  juice  of  li- 
quorice, and  in  some  other  vegetable  juices,  sugar  exists,  but 
in  a  state  of  combination,  which  renders  it  essentially  liquid, 
and  prevents  it  from  assuming  a  crystallized  form.  The  sugar 
of  grapes  is  not  so  white  as  cane  sugar,  but  crystallizes  more 
easily.  Grape  sugar  has  been  analysed  by  Saussure,  and  found 
to  contain  very  nearly  the  same  proportions  of  ingt*edients  as 
starch  sugar,  stated  under  the  txriioXe  fecula.%  These  two 
kinds  of  sugar  agree,  indeed,  so  closely  as  to  their  properties, 
that  they  probably  constitute  one  species.  Sugar  from  the 
cane  and  from  beet  differs  from  these,  and  from  all  other 
kinds  of  sugar,  by  containing  a  greater  proportion  of  carbon.^ 

Sugar  is  produced  also  in  the  process  of  making,  which 
consists  in  the  conversion  of  starch  into  sugar,  and  starch,  it 
will  afterwards  appear,  may  be  converted  into  sugar  by  the 
action  of  sulphuric  acid. 

Beside  pure  sugar,  there  are  other  saccharine  substances, 
that  bear  a  considerable  resemblance  to  it.  Manna  is  the 
inspissated  juice  which  flows  spontaneously  from  incisions  in 
the  bark  of  a  species  of  ash  {the  fraxlnus  ornus).  Sugar  has 
been  discovered,  also,  by  Fourcroy  and  Vauquelin,  to  enter 

•  See  Chnptal  on  the  manufacture  of  sugar  iii  France,  Phil.Mag.  xlvii.331. 
t  Nicholson *s  Journal,  xxi.  356.  %  See  Sect.  ix.  infra. 

§  Thonison's  Annals,  vi.  498. 
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largely  into  the  composition  of  the  jttice  obtained  by  pressure 
from  the  onion.  Besides  sugar,  the  juice  of  onions  appears, 
also,  to  contain  a  portion  of  mucilage  and  extract,  to  which  ita 
taste  and  other  peculiar  properties  are  owing. 

The  same  may  perhaps  be  said  of  honey.  When  treated 
with  nitric  acid  it  was  found,  however,  by  Mr.  Cruickshank, 
to  give  very  little  less  oxalic  acid,  than  was  obtained  from  an 
equal  weight  of  pure  sugar.  Proust  has  considered  honey 
itself  as  of  two  distinct  species.  Common  yellow  honey  is  of 
an  uniform  consistence  and  viscid  ;  but,  besides  this,  there  is 
a  granulated  white  kind,  which  has  a  tendency  to  become 
solid.  From  the  latter  he  obtained  by  alcohol  a  white  saccha- 
rine powder,  which  he  considers  as  agreeing  more  nearly  with 
the  sugar  of  the  grape  than  with  common  sugar. 

The  following  are  the  properties  of  sugar  : 

1.  Sugar  is  perfectly  white,  and  when  crystallized  somewhat 
.transparent.  It  is  hard  and  brittle.  When  two  pieces  are  rub- 
bed strongly  against  each  other  in  the  dark,  a  visible  phos- 
phorescence takes  place.  Its  specific  gravity,  according  to 
Hassenfratz,  is  1.404f5,  according  to  Thomson  1.5699,  but  it 
is  probably  variable. 

f}.  Pure  sugar  und^goes  no  change  by  exposure  to  the  air, 
except  that  from  a  damp  atmosphere  it  attracts  a  little  moisture. 
Raw  sugar,  as  it  well  known,  is  extremeJy  deliquescent. 

8.  Sugar  is  soluble  in  an  equal  weight  of  cold  water,  and 
almost  to  an  unlimited  amount  in  hot  water.  The  latter  solu- 
tion aflbrds  a  liquid  called  syrup ;  from  which,  by  long  repose 
in  a  stove  or  warm  room,  transparent  crystals  of  sugar  sepa* 
rate,  called  candied  sugar.  Their  form  is  that  of  prisms  with 
four  or  six  sides,  bevelled  at  each  extremity,  or  sometimes  ac- 
cuminated  by  three  planes.  They  are  composed,  according 
to  Berzelius,  of 

Sugar 100. 

Water 5.6 


105.6 
4.  Alcohol  dissolves,  when  heated,  about  one  fourth  its 
weight  of  sugar.    The  solution,  by  keeping,  deposits  large 
crystals  of  sugar. 
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5.  Lime-water  rendei^  sngat  more  soluble;  and,  recipro* 
cally,  hUfrar  increases  the  solubility  of  lime.  The  liquid  com* 
pound  of  sugar  and  lime  is  still  sweet,  but  mixed  with  some 
astringency.  Alcoliol  precipitates  white  flakes,  which  appear 
to  be  composed  of  sugar  and  lime. 

Alkalis  unite  with  sugar,  and  d^troy  its  taste.  It  may  be 
recovered,  however,  unchanged,  by  adding  sulphuric  acid, 
and  precipitating  the  alkaline  sulphate  by  alcohol,  which  re- 
tains the  sugar  in  solution.  Sugar  unites,  also,  with  the  alka* 
line  earths ;  and  is  acted  on  by  baryta  so  strongly,  that  it  ap- 
pears to  undergo  a  kind  of  decomposition,  and  the  baryta  is 
immediately  carbonated.  Strontia  acts  in  much  the  same 
manner  as  lime. 

6.  Sulphuric  and  muriatic  acids  act  when  concentrated  upon 
sugar  ;  charcoal  is  separated ;  much  of  the  sugar  destroyed  ; 
and  what  remains  is  rendered  incapable  of  crystallizing.  Ni- 
tric acid  converts  it^  as  will  presently  appear,  into  oxalic  acid  ; 
and  chlorine  changes  it  into  malic  acid*  Oxalic,  acetic,  and 
tiu'taric  acid,  prevent  it  from  forming  good  crystals. 

7.  Sugar  has  the  property  of  rendering  oils  miscible  with 
water. 

8.  The  sulphurets,  hydro-sulphurets,  and  phosphurets,  ap- 
pear to  have  the  property  of  converting  sugar  into  a  substance 
not  unlike  gum.* 

9.  Sugar  has  the  property  of  decomposing  several  of  the 
metallic  salts,  when  boiled  with  their  solutions.  Sometimes 
it  reduces  the  oxide  to  a  metallic  state,  as  in  sulphate  of  cop- 
per. In  other  instances,  as  in  the  acetate  of  the  same  metui, 
it  merely  reduces  the  oxide  to  an  inferior  degree  of  oxida- 
tion.t  With  oxide  of  Icmd,  it  forms  an  insoluble  compound, 
called,  improperly,  by  Berzelius  saccharale  of  Uad^X  which 
consists  of 

Sugar 41.74 

Oxide  of  lead    58.26 


]00. 


•  Tliomson's  Chemistry,  ir.  S14. 

f  Vogel  io  Thomson's  Annals,  vii.  43.  %  95  Ann,  de  Chim.  63. 
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10.  Sugar  is  converted,  by  destructive  distillation,  into 
water,  acetic  acid,  carbureted  hydrogen,  carbonic  acid  gas, 
and  charcoal ;  and  a  little  oil,  with  a  large  proportion  of 
pyromucous  acid,  amounting  to  more  than  half  the  weight  of 
the  sugar,  are  also  formed.  No  ammonia  can  be  detected  in 
the  liquid  products.  According  to  Lavoisier,  sugar  is  corn- 
loosed  of  64  oxygen,  28  carbon,  and  8  hydrogen :  Gay  Lussac, 
Thenard,  and  Berzelius,  have  analyzed  it  by  combustion  with 
chlorate  of  potassa,  and  Dr.  Prout  and  Dr.  Ure  by  distilla- 
tion with  oxide  of  copper.  The  following  are  the  results  of 
its  analysis  by  different  chemists: 


Carbon 42.47 

. .  44.200 

. .  89.99 

. .  43.38 

Oxygen 50.63 

..  49.015 

. .  53.83 

. .  50.33 

Hydrogen 6.90 

. .    6.785 

..    6.66 

..    6.29 

100.*       loo.t       1004      100.  J 


Or  of  carbon  ....  42.47 
Oxygen  and  hy--^ 

drogen,    in  the  (^ 

same  proportion 

as  in  water  •  •  •  •  J 


[  >57.53 


100.* 

On  comparing  the  results  of  the  analysis  of  sugar  by  dif* 
ferent  persons,  the  principal  deviation  appears  to  exist  in  those 
of  Dr.  Prout,  which  indicate  less  charcoal  and  more  oxygen 
than  the  rest.  If  reduced  to  atomic  proportions,  his  experi- 
ments (respecting  which  some  details  are  given  in  the  Annals 
of  Philosophy,  N.  S.  iv.)  point  out  the  following  as  the  com-* 
position  of  sugar : 

Charcoal  ....  5  atoms  ....  30   ....  40.00 

Oxygen 5  ditto    ....  40    ....  53.34 

Hydrogen  ...  5   ditto    « .  •  •     5   •  •  • .     6.66 

75  100. 


*  Gay  LiMsac.  f  Berzelius.  |  Prout.  §  Ure. 
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44.44 

40 
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49.38 

5 

•  «  •  ■ 

6.18 
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The  atomic  prqiortions,  approaching  most  nearly  to  the 
other  results,  are 

Charcoal  ....  6  atoms  •  • .  • 

Oxygen 5  ditto    ...» 

Hydrogen  ...  5  ditto   •  • .  • 

81  100. 

If  deduced  from  the  compound  of  sugar  with  oxide  of  lead, 
on  the  supposition  that  this  compound  consists  of  an  atom  of 
each  ingredient,  the  constitution  of  sugar  will  agree  precisely 
with  the  latter  statement,  a  coincidence  which  strengthens  the 
probability  that  it  consists  of  6  atoms  of  charcoal,  5  of  oxygen, 
and  5  of  hydrogen,  and  that  81  is  its  true  representative  num- 
ber. 

Art.  2. — Oxalic  Acid. 

Sugar  is  acidified  by  distillation  with  nitric  acid.  To  six 
ounces  of  nitric  acid,  of  sp.  gr.  from  1.46  to  \.Sj  contained  in 
a  stoppered  retort,  to  which  a  large  receiver  is  luted,  add,  by 
degrees,  one  ounce  of  refined  sugar,  coarsely  powdered.  A 
gentle  heat  may  be  applied  during  the  solution.  Kitrous  gas 
will  be  disengaged  in  great  abundance.  When  the  whole  of 
the  sugar  is  dissolved,  distil  off  a  part  of  the  acid.  The  re- 
maining liquor,  which  has  a  syrupy  consistence,  poured  into  a 
shallow  glass  or  porcelain  vessel,  will  form,  after  cooling  and 
sufficient  repose,  regular  crystals,  amounting  to  58  parts  from 
100  of  sugar.  These  must  be  again  dissolved  in  water  and 
re-'Crystallized ;  and  then  laid  on  blotting  paper  to  dry. 

OKalic  acid  may  be  produced,  also,  by  a  similar  treatment 
of  gum,  and  of  various  other  vegetables,  and  even  of  several 
animal  products,  such  as  silk,  wool,  &c. 

The  crystals  of  oxalic  acid  have  the  following  characters : 

1.  They  have  the  form  of  four-sided  prisms,  whose  sides  are 
alternately  larger,  terminated  at  their  extremities  by  dihedral 
summits.  As  ordinarily  found  in  the  shops,  however,  the  size 
of  the  crystal  is  too  small  to  be  distinctly  determined. 

2.  They  have  a  strong  acid  taste,  and  act  powerfully  on 
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T^etable  blue  colours.    One  grain,  dissolved  in  3600  grains 
of  water,  reddens  the  colour  of  litmus  paper. 

S.  They  dissolve  in  twice  their  weight  of  water  at  65^,  af- 
fording a  liquid  of  specific  gravity  1 .0593,  and  in  an  equal 
weight  of  hot  water.  They  are  soluble,  also,  in  boiling  alcohol, 
which  takes  up  half  its  weight;  and,  though  sparingly,  in 
ether. 

4.  Oxalic  acid  is  a  most  virulent  poison,  and  has  frequently 
proved  fatal,  when  taken  by  mistake  for  Epsom  salt.  From 
that  salt,  however^  it  may  readily  be  distingubhed,  though  not 
from  other  acids,  by  carefully  tasting  it  in  the  smallest  quan<* 
tity  sufficient  for  the  purpose,  when  its  sourness  will  be  dis- 
tinctly perceived.  Or,  without  tasting  it,  if  a  few  drops  of 
water  be  placed  on  a  slip  of  the  dark  blue  paper  which  is  com* 
monly  wrapped  round  sugar  loaves,  and  a  small  quantity  of 
any  substance  suspected  to  be  oxalic  acid  be  added,  that  acid 
will  be  discovered  by  its  changing  the  colour  of  the  paper  to  a 
reddish  brown.  The  solution  also  of  a  small  quantity  of 
oxalic  acid  in  a  tea-spoonful  of  water,  will  effervesce  with  a 
little  scraped  chalk  or  common  whiteing;  but  neither  of  these 
effects  is  produced  by  Epsom  salt. 

5.  The  crystals  of  oxalic  acid  effloresce  in  the  air,  and 
become  covered  with  a  white  powder. 

6.  A  red  heat  entirely  decomposes  them,  and  leaves  only 
charcoal.  During  distillation,  a  considerable  quantity  of  in- 
flammable gas  is  obtained ;  and  a  portion  of  the  acid  is  6ul)«< 
limed,  unaltered,  into  the  neck  of  the  retort. 

7.  They  slowly  absorb  chlorine,  and  are  converted  into  a 
white  substance  having  a  saline  appearance,  which,  when  wa- 
ter is  added,  is  changed  into  muriatic  and  carbonic  acids, 
(Ann.  de  Ch.  et  Ph.  xix.  84.) 

.  8.  Oxalic  acid  is  decomposed  both  by  the  oxides  and  chlo* 
ride  of  gold,  and  in  the  former  case  witli  a  disengagement  of 
carbonic  acid.    (Ann.  de  Ch.  et  Fh.  xv.  125.) 

9.  The  crystals  of  oxalic  acid,  when  exposed  to  heat,  swell 
and  abandon  a  considerable  quantity  of  water.  Not  more 
than  28  parts  of  water,  however,  can  be  thus  detached  from 
100  of  the  crystals,  without  decomposing  the  acid.  But  by 
combining  the  acid  with  oxide  of  lead,  Berzelius  found  that 
the  whole  of  its  water  might  then  be  expelled  by  heat,  and 
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concluded  Umt  the  crystals  consist  of  58  real  acid,  and  49 
water,  approaching  nearly  to  1  atom  of  acid  and  8  of  water4 
Dr.  Thomson,  from  his  recent  experiments  (Ann.  of  Phil. 
N.S.  ii.  13G),  is  led  to  consider  them  as  composed  of  equal 
weights  of  water  and  anhydrous  acid,  or  of 

1  atom  of  acid 36 

4  atoms  of  water   36 


The  analysis  of  oxalic  acid  by  combustion  with  chlorate  of 
potassa  was  performed  by  Gay  Lussac  and  Tlienard,*  and 
with  peroxide  of  copper  by  Berzeliusf  and  Dr.  Ure.J:  Tlie 
following  table  exhibits  their  different  results ;  those  of  Gay 
Lussac  and  Thenard  being  corrected  in  the  second  column  to 
exclude  the  water,  which  appears  to  have  entered  into  the 
oxalate  of  lime  employed  in  their  experiment,  in  such  propor* 
tion  as  to  have  been  equal  to  one-fifth  of  its  acid  ingredient. 

Carbon 26.566    ....  33.^17    ....  33.222    ....  33.33 

Oxygen  • . .  •  70.689    ....  66.290    ....  66.534    ....  66.66 
Hydrogen   ..     2.745    ....     0.493    ....     0.244 

lOO.J  100.11  100.**  lOO.tt 

The  quantity  of  hydrogen  in  oxalic  acid,  deprived  of  water 
by  combination  with  oxide  of  lead,  is  so  extremely  small,  as 
not  to  amount  to  any  atomic  proportion*  Dobereiner,  indeed, 
appeal's  to  have  been  the  first  to  suggest,  about  the  year  1815, 
that  hydrogen  is  not  an  clement  of  anhydrous  oxalic  acid, 
but  that  it  is  constituted  of  carbon  and  oxygen  only ;  and  he 
has  added  fresh  evidence  in  favour  of  this  view  of  its  nature, 
in  a  short  paper  published  in  the  Ann.  de  Chim.  et  de  Phys. 
xix.  83.  From  the  results  of  its  analysis,  considered  in  con« 
nection  with  the  proportions  in  ivhich  it  combines  with  bases, 
it  appears  extremely  probable  that  oxalic  acid  consists  of 

•  Recherches,  vol.  ii, 

f  81  Ann.  de  Ch.,  and  Thomson's  Annals,  iv.  232,  v.  97,  and  ix.  33. 
t  Phil.  Trans.  1822.  §  Guy  Lussac  and  Thenard. 

II  Ditto,  corrected.  ••  Berzelius;  Ann.  of  Phil.  v.  99. 

tt  Ure,  Phil.  Trans.  1822, 480. 
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Carbon 2  atoms  . . . ,  12   .  • .  •  SS.S4 

Oxygen S  ditto   ,  • . .  24   • .  •  •  66.66 


36  100. 

Or  it  may  be  regarded  as  constituted  of 

Carbonic  acid 1  atom  =  22 

Carbonic  oxide 1  ditto  =  14 

36 

Oxalate  ofpolassa  forms  flat  oblique  four-sided  prisms,  ter« 
minated  by  dihedral  summits,  the  lateral  edges  of  the  prism 
being  usually  bevelled.  Its  taste  is  cooling  and  bitter.  At 
6QP  Fahrenheit,  it  requu'es  about  twice  it}  weight  of  water  for 
solution.  There  is,  also,  a  salt  formed  of  the  same  base  and 
acid,  but  with  a  considerable  excess  of  acid,  called  super^ 
oxalate  or  binoxalate  ofpotassa.  It  forms  small  white  paral- 
lelopipeds  or  rhomboids  approaching  to  cubes.  It  has  a  pun- 
gent acid  taste  mixed  with  some  bitterness.  It  requires  for 
solution  ten  times  its  weight  of  water  at  60^,  and  a  still  larger 
proportion  of  boiling  water.  It  may  either  be  formed  artifi- 
cially, or  obtained  from  the  juice  of  the  oxatis  acetosella,  or  of 
the  rumex  acetosa.  When  procured  in  the  latter  mode,  it  is 
sold  under  the  name  of  salt  of  sorrel^  or  essential  salt  of  lemons. 
The  acid,  which  it  contains,  is  double  that  in  the  oxalate ;  or^ 
if  we  suppose  100  parts  of  potassa,  and  denote  the  quantity 
necessary  to  convert  it  into  oxalate  by  x,  then  2  x  will  convert 
it  into  binoxalate. 

According  to  Berzelius  100  parts  of  potassa  are  united,  in 
the  oxalate,  with  76.58  parts  of  real  oxalic  acid,  and  in  the 
binoxalate,  of  course,  with  1 53.76.  Exclusively  of  water, 
which,  in  the  crystals  of  the  oxalate,  amounts  to  17.31  per 
cent.,  these  salts  are  composed  as  follows : 


Acid. 

Base. 

Oxalate  ofpotassa  .  • .  • 

43.37 

•  0 .  •  56.63 

Buioxalate  of  ditto  • . . , 

60.47 

....  39.53 

Quadroxalaie  of  potassa  may  be  composed  in  several  me- 
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thods.'*^  It  wafl  formed  by  Dr.  WoUaBton,  by  digestlDg  the 
binoxalate  in  a  due  proportion  of  nitric  or  muriatic  add.  One 
half  of  the  alkali  unites  with  the  mineral  acid,  and  the  other 
half  remains  combined  with  the  oxalic  acid.  The  salt  forms 
beautiful  crystals^  which  may  be  obtained  pure  by  solution 
and  a  second  crystallization. 

If  three  parts^by  weight  of  the  quadroxalate  be  decomposed 
by  burning,  and  the  alkali,  which  is  thus  disengaged,  be  mixed 
with  a  solution  of  one  part  of  the  crystallized  salt,  the  latter  is 
exactly  neutralized.  Hence  the  quadroxalate  contains  four 
times  the  acid  that  exists  in  the  oxalate.  The  analysis  of  this 
class  of  salts,  from  which  Dr.  Wollaston  (in  the  Phil.  Trans, 
for  1808)  drew  a  striking  exemplification  of  the  law  of  simple 
multiples  discovered  by  Mr.  Dalton,  may  be  recapitulated  ad 
follows: 


Atom 

ofbBM 

The  oxalate  consists  of  1 
The  binoxalate  .  •  r  -  *  -  i 

Atoms 
.  of  acid. 

+  1  .. 

+   2  .. 

+  4  .. 

Bm.. 

..48  + 
..48  + 
..48  + 

Acid. 

36 

7« 

144 

£qaivalent 
number. 

=     84 

=  120 

The  quadroxalate  < 

...  1 

s  198 

Estimating,  therefore,  from  the  weights  of  their  atoms,  100 
of  potassa  should  be  united,  in  the  oxalate,  with  75  of  acid  | 
in  ihe  binoxalate,  with  1 50 ;  and  in  the  quadroxalate^  with 
300. 

Oxalate  of  soda  readily  crystallizes,  and  has  a  taste  nearly 
resembling  that  of  oxalate  of  potassa.  When  heated,  it  falls 
to  powder,  and  loses  the  whole  of  its  water  of  crystallization. 
Soda  forms,  also,  with  oxalic  acid,  a  binfixalaie,  but  no  qua^ 
droacalate.  In  the  oxalate,  supposing  it  to  be  constituted  of  1 
atom  of  base  a  82,  +  1  atom  of  acid  =  S6,  together  68,  100 
parts  of  soda  must  be  combined  with  112.53  parts  of  acid;  in 
the  binoxalate  with  225.06. 

Oxalate  of  ammonia  crystallizes  in  long  transparent  prisms, 
rhoniboidalf  and  terminated  by  dihedral  summits,  which,  ac- 
cording to  Berard,  contain  13  per  cent,  of  water.  Its  taste  is 
bitter  and  unpleasant.     At  the  temperature  of  60^  1000  grains 

*  Set  Berard,  73  Ann.  de  Cbim.  sn. 
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of  water  disiolve  only  45  grainB  of  tb«  salt)  giving  a  loluiion  . 
of  sp.  gr.  1.0186*    The  solution  is  of  great  nse  as  a  r»>agent; 
for  it  precipitates  lime  from  almost  all  its  soluble  combinations, 
if  these  be  perfectly  neutral,  and  discovers  it  even  when  in  very 
minute  quantity. 

In  oxalate  of  ammonia,  constituted  of  1  atom  of  base  as  17, 
+  1  atom  of  acid  =  36,  100  parts  of  real  alkali  must  be  united 
with  21 1 .8  parU  of  acid.  A  super-oxalate  or  binoxolate  of  amr 
mtmiaj  also,  exists,  which  is  less  soluble  in  water  than  the 
oxalate.  In  this,  100  parts  of  base  are  of  course  united  with 
423.6  of  acid. 

Oxalate  of  lime  is  extremely  insoluble  in  water  at  all  tem- 
peratures. It  may  be  formed,  either  by  dropping  oxalic  acid 
into  lime*water,  or  by  mingling  the  solution  of  a  salt  with 
base  of  lime  with  one  of  any  of  the  soluble  oxalates.  When  very 
slowly  dried  at  the  temperature  of  the  atmosphere,  it  consists, 
according  to  Berzelius,  of  4  atoms  of  water  and  1  of  oxalate ; 
when  more  rapidly  dried,  of  2  atoms  of  water  and  1^  of 
oxalate,  or  of  mixtures  of  those  two  hydrates  in  difierent  pro- 
portions. Dr.  Thomson  finds  that  when  dried  at  a  temperature 
not  exceeding  100^  Fahr.,  it  retains  two  atoms  of  Water.  The 
anhydrous  salt  consists  of 


Lime  •••••••! 

» •  •  1  atom  • .  •  t  28  •  •  •  •  43*75 

Oxalic  acid  . . . 

,  • .  1    do 36  ... .  56.25 

64  100. 

Fresh  precipitated  oxalate  of  lime  is  soluble  in  nitric  and 
muriatic  acid ;  and  hence,  in  the  use  of  oxalate  of  ammonia 
or  oxalic  acid  as  a  precipitant,  it  is  necessary  first  to  neutralize 
any  excess  of  acid,  which  the  solution  may  contain. 

Oxalates  of  baryta  and  stroniia  are  white  tasteless  powders 
of  very  sparing  solubility ;  but  the  former  earth,  with  an  ex- 
cess of  acid,  forms  a  soluble  super*oxalate.  One  hundred 
parts  of  strontia  take  by  experiment  83.62  of  oxalic  acid  for 
saturation.  No  super-oxalate  exists  with  this  base.  The 
oxalate  of  baryta  is  more  soluble  than  the  strontitic  salt  It 
consists  of  100  parts  of  base^  united  with  51  of  acid.    A 
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8uper«oxaliite  ofbaryta  may  be  formed,  by  adding  osalic  acid  in 
excess  to  the  white  powder  which  is  precipitated  by  that  acid  from 
the  watery  solution  of  baryta.  This  salt,  which  shoots  into 
small  needle-formed  crystals,  has  its  elements  so  feebly  com- 
bined, that  it  is  decomposed  by  mere  solution  in  water.  It 
is  of  course  constituted  of  100  parts  of  base  and  102  of  oxalic 
acid,  besides  water. 

Oxalate  of  magnesia  is  a  soft  white  powder,  bearing  a  con- 
siderable resemblance  to  oxalate  of  lime.  It  is  tasteless,  and 
not  sensibly  soluble  in  water.  Yet  when  oxalate  of  ammonia 
is  mixed  with  sulphate  of  magnesia,  no  precipitate  falls,  till 
the  solution  is  heated  and  concentrated.  It  is  composed  of 
100  parts  of  base  and  180  of  acid. 

Oxalate  of  Alumina. — Fresh  precipitated  alumina  is  soluble 
in  oxalic  acid ;  but  the  compound  is  not  crystallizable,  form- 
ing when  evaporated  a  yellowish  pellucid  mass.  It  has  a 
sweetish  astringent  taste,  and  is  composed  of  '1>4  alumina  + 
56  acid  and  water. 

Oxalate  of  Manganese. — Oxalic  acid,  digested  with  oxide 
of  manganese,  is  partly  decomposed ;  carbonic  acid  is  dis- 
engaged with  effervescence;  and  the  manganese,  reduced  to 
the  state  of  deutoxide,  unites  with  the  oxalic  acid.  The 
oxalate  of  manganese  is  precipitated  in  the  state  of  a  white 
powder,  which  also  appears  on  adding  oxalic  acid  to  the  sul- 
phate, nitrate,  or  muriate  of  manganese. 

Oxalate  of  zinc  appears  on  adding  oxalic  acid  to  the  solu- 
tion of  sulphate,  muriate,  or  nitrate  of  zinc^  from  which  it 
throws  down  the  whole  of  the  metallic  oxide,  in  the  form  of 
an  insoluble  oxalate. 

Oxalates  of  Iron. — Oxalic  acid  unites  both  with  the  prot- 
oxide and  peroxide  of  iron.  The  solution  of  the  protoxide 
affords  prismatic  crystals  of  a  green  colour  and  sweet  astringent 
taste,  soluble  in  water,  and  composed  of  55  acid  +  45  oxide. 
By  exposure  to  the  air,  in  a  liquid  state,  this  salt  is  changed 
into  per-'Oocalate,  which  is  incapable  of  cr}'stallizing,  and  has 
the  form  of  a  yellow  powder,  insoluble  in  water.  The  per- 
oxalate  may,  also,  be  formed  by  the  direct  combination  of 
oxalic  acid  with  peroxide  of  iron« 
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Oxalate  of  (in  may  be  formed  by  the  direct  action  of  oxalic 
acid  on  tin.  The  solution  yields  prismatic  crystals,  which  arc 
soluble  in  water,  an<I  have  an  austere  taste. 

Oxalate  of  cadmium^  formed  by  decomposing  any  salt  of 
cadmium  with  the  solution  of  an  alkaline  oxalate,  is  a  white 
insoluble  powder. 

Oxalate  of  antimony  is  precipitated  in  small  crystalline  and 
insoluble  grains,  on  adding  oxalic  acid  to  the  solution  of  an-* 
timqny  in  sulphuric  acid. 

Oxalate  of  cerium. — Oxalic  acid  and  oxalate  of  ammonia 
precipitate  the  protoxide  of  cerium  from  its  solutions,  forming 
a  white  salt  not  soluble  in  an  excess  of  acid  but  soluble  in 
liquid  ammonia.  With  the  peroxide,  the  precipitate  is  of  a 
red  colour. 

Oxalate  of  cobalt  is  precipitated  by  oxalic  acid  from  solu- 
tions of  the  metal,  in  the  form  of  a  red  "powder,  insoluble  in 
water  without  an  excess  of  acid,  but  then  forming  a  solution 
which  is  capable  of  yielding  crystals. 

Oxalate  of  bismuth  may  be  formed  either  by  decomposing 
the  salts  of  bismuth  with  txn  alkaline  oxalate,  or  by  acting  on 
the  oxide  with  oxalic  acid.     It  is  a  white  insoluble  powder. 

Oxalate  of  copper  appears  in  the  state  of  a  bluish  green 
precipitate,  when  oxalic  acid  is  added  to  nitrate,  acetate,  or 
sulphate  of  copper. 

Oxalate  of  lead  is  best  formed,  by  adding  oxalic  acid  to 
solution  of  nitrate,  or  acetate  of  lead.  It  is  nearly  insoluble 
in  water,  unless  an  excess  of  acid  be  present.  It  is  composed, 
according  to  Berzelius,  of  24.54<  oxalic  acid,  +  75.46  oxide 
of  lead,  which  agree  as  nearly  as  possible  with  an  atom  of  each 
of  its  ingredients,  viz.  36  acid  +  112  oxide. 

Oxalate  of  mercury  is  precipitated  by  oxalic  acid  from 
nitrate  of  mercury,  in  the  state  of  an  insoluble  white  powder. 
This,  when  exposed  to  the  light,  becomes  black,  and  detonates 
when  heated.  It  enters  into  the  composition  of  Howard's 
fulminating  mercury. 

Oxalate  of  stiver  may  be  formed  by  adding  oxalic  acid  to 
nitrate  of  silver.  Its  colour  is  white,  but  ft  is  blackened  on 
exposure  to  the  light  by  the  reduction  of  its  oxide. 
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SECTION  V. 

Native  Vegetalle  Acids. 

Native  vegetable  acids  are  such  as  are  found,  ready  formed, 
in  plants  or  their  fruits,  and  require,  for  their  extraction,  only 
pressure,  and  other  simple  processes,  which  can  scarcely  be 
supposed  to  produce  any  change  in  their  nature  or  properties. 
The  following  are  the  principal  ones  hitherto  discovered: 

1.  Citric.  6.  Benzoic. 

2.  Gallic.  7.  Acetic. 

3.  Malic.  is.  Prussic. 

4.  Tartaric.  9.  Phosphoric. 

5.  Oxalic. 

Besides  these  there  are  a  few  other  acids,  obtained  only 
from  particular  vegetables,  which  may  be  classed  together 
such  as  the  gingoic^  ellagicj  menispermic,  &c. ;  because  it  may 
still  be  considered  doubtful  whether  they  are  distinct  acids,  or 
ouly  known  acids  having  their  properties  disguised  by  com- 
bination with  other  vegetable  substances.  The  complete 
alteration  of  properties,  attending  such  combinations^  in  the 
acids  termed  sorbic,  rheumic,  &c.,  which  for  some  time 
were  ranked  as  new  acids,  but  which  were  afterwards 
shown  to  be  well  known  acids  united  with  other  vegetable 
matter,  should  teach  us  cautiou  in  admitting  the  claims  of 
such  substances  to  the  title  of  new  and  peculiar  compounds. 
Other  vegetable  acids,  the  results  of  more  complicated  pro- 
cesses, and  produced  by  new  arrangements  of  the  vegetable 
elements,  such  as  the  succinic,  camphoric,  &c.  will  be  de^ 
scribed  in  connection  with  the  substances  from  which  tliey  are 
obtained. 

Art.  1. —  Cilric  Acid. 

Citric  acid  exists  in  the  expressed  juice  of  the  lime  and 
lemon,  along  with  a  quantity  of  extractive  matter  and  muci- 
lage, and  with  variable  proportions  of  malic  and  sometimes  of 
acetic  acid.  The  following  process,  for  obtaining  citric  acid 
in  a  separate  staie,  we  owe  to  the  ingenuity  of  Scheele.  To 
the  expressed  juice  of  the  lime  or  lemon,  contained  in  a 
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vessel  oF  earthen  wave»  or  white  wood,  add^  very  grftdoally, 
finely  powdered  carbonate  of  lime  (chalk  or  whiting)^  and 
stir  the  mixture  well  after  each  addition.  An  efiervescenoe 
will  ensue;  and  as  long  as  this  arises,  on  adding  fresh  poi^ 
tions  of  chalk,  more  chalk  will  be  required.  The  exact  pro<- 
portion  it  is  impossible  to  assign,  on  account  of  the  variable 
strength  of  the  add  juice.  In  general^  from  six  to  eight 
ounces  of  dialk  are  sniBcient  to  saturate  a  wine-gallon  of 
lime-juice.  When  it  ceases  to  excite  effervescence,  and  the 
liqnor  has  lost  its  sour  taste^  allow  the  mixture  to  settle; 
decant  the  liquid,  and  add  a  quantity  of  water.  Let  the 
powder  subside ;  the  liquor  be  again  decanted,  and  thrown 
away;  and  these  operations  repeated,  till  the' water  comes  off 
quite  tasteless  and  colourless.  The  insoluble  precipitate  con- 
sists of  dtric  acid,  united  with  lime ;  add  to  it  slowly,  while 
an  assistant  agitates  the  mixture  constantly,  a  quantity  of 
sulphuric  acid,  of  the  density  1.85  or  thereabouts,  equal  to 
the  wei^t  of  the  chalk  which  has  been  employed,  and  pre- 
viously diluted  with  10  parts  of  water. — Let  the  acid  and 
precipitate  remain  together  24  hours ;  during  which  time  they 
must  be  frequently  stirred  with  a  wooden  spatula.  Then  let 
the  white  sediment,  which  consists  of  sulphate  of  lime,  sub- 
side ;  decant  the  clear  liquor ;  add  more  water  till  it  comes 
off  tasteless ;  and  mix  all  the  liquors  together.  The  solution, 
containing  chiefly  citric  with  a  little  sulphuric  add,  and  some 
mndlage,  is  to  be  evaporated  first  in  a  leaden  boiler,  and 
afterwards  in  shallow  earthen  dishes,  placed  in  a  sand-heat 
Reduce  the  liquid  to  about  one  fourth  of  its  bulk  by  evapo- 
ration; separate  the  sulphate  of  lime,  which  will  be  deposited, 
and  again  waste  the  liquor,  by  a  heat  not  above  213^,  to  the 
consistence  of  syrup.  Brown  crystals  will  form  on  cooling, 
which  must  be  set  to  drain ;  and  the  remaining  liquor,  when 
again  evaporated  repeatedly,  will  continue  to  yield  fresh 
crystals.  To  purify  these^  let  them  be  dissolved  in  water ; 
and  tlie  solution  be  again  evaporated.  After  the  second  crys- 
tallization^ their  colour  will  be  improved ;  but  it  will  require 
three  or  four  crystallizations  to  obtain  them  perfectly  white 
and  well  formed.  In  this  state,  they  are  the  pure  citric  acid. 
The  proportions,  which  I  have  recommended  for  the  pre- 
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paration  of  citric  acid,  differ  a  little  from  those,  which  have 
been  deduced  by  Proust  from  his  experiments.  (Jounu  dc 
Phys.  lii.  S66.)  Four  ounces  of  chalk  saturated,  he  found, 
9i  ounces  of  lemon  juice;  and  the  citrate  of  lime  weighed  seven 
ounces  four  drachms.  But  the  four  ounces  of  chalk,  or  32 
drachms,  contained  only  18  drachms  of  lime;  and,  from  the 
atialysis  of  citrate  of  lime,  it  appears  to  contain  68.8  parts  of 
citric  acid  in  100.  Hence  the  seven  ounces  four  drachms 
contained  41+  drachms  of  citric  acid.  But  to  expel  the  car- 
bonic acid  completely  from  four  ounces  of  chalk,  five  ounces 
of  salphuric  acid  of  commerce  were  found  necessary.  This 
proportion,  tlierefore,  he  employed  in  decomposing  the  citrate 
of  lime.  Sbc  ounces  of  the  citrate,  by  two  crystalh'zations, 
gave  8+  ounces,  or  28  drachms,  of  pretty  large  crystals; 
from  whence  it  follows  that  the  whole  74  ounces  would  have 
given  4  ounces  8  drachms  of  crystallized  citric  acid.* 

The  preparation  of  solid  citric  acid  on  the  large  scale  of 
manufacture  requires  an  attention  to  a  number  of  minute 
circumstances,  which  are  stated  at  length  by  Mr.  Parkes  in 
the  8d  volume  of  his  Chemical  Essays,  and  in  the  46th 
volume  of  the  Philosophical  Magazine. 

The  citric  acid,  which  is  made  for  sale,  is  generally  pre- 
pared from  lime-juice.  The  quantity  of  solid  citric  acid,  in 
a  gallon  of  this  juice,  varies  considerably.  I  have  found  it 
as  high  as  twelve  avoirdupois  ounces  in  a  gallon  ;  but  about 
six  or  eight  ounces  to  the  wine  gallon  is  a  fair  general 
average.  The  only  accurate  method  of  ascertaining  its  pro- 
portion consists  in  adding,  to  a  quantity  of  the  juice,  solution 
of  pure  potassa  till  saturation  is  produceil.  Liquid  potassa, 
of  a  fit  strength  for  this  purpose,  may  be  prepared  by  boiling 
two  pounds  of  American  potash  with  one  pound  of  quicks- 
lime,  previously  slaked  to  a  thin  paste,  and  a  gallon  of  water, 
in  an  iron  pot,  during  half  an  hour.  -The  solution  may  be 
strained  through  calia),  and  reserved  for  use  in  well  stopped 
bottles.  When  employed  as  a  test,  one  measure  may  be  added 
to  three  measures  of  water ;  and  it  is  proper  to  ascertain^  by 
experiment,  how  much  of  this  solution  is  requisite  to  satu- 

Philos.  Magazine,  x. 

Digitized  by  VjOOQ IC 


SBCT.  Y.  NATIVB   VK6STABLB  ACIOS.  197 

rate  an  avoirdiii^ois  ounce  of  white  crystals  of  citric  acid.  It 
will  then  be  easy,  by  saturating  with  tlie  same  alcaline  liquor 
an  aliquot  part  of  a  wine  gallon  of  any  sample  of  lime  or 
lemon  juice  (judging  of  the  point  of  saturation  by  test  papers) 
to  calculate  what  quantity  of  solid  acid  is  contained  in  a 
gallon  of  the  juice  under  examination.  This,  of  course,  im- 
plies that  the  juice  is  not  contaminated  with  any  other  acid, 
which  must  be  ascertained  by  the  appropriate  tests.  By  mere 
keeping,  lime  juice  is  apt  to  pass  to  the  acetous  fermentation. 
Pure  citric  acid  forms  beautiful  transpai-ent  crystals,  con- 
sisting of  two  four-sided  pyramids  joined  base  to  base,  or 
sometimes  of  rhomboidal  prisms.  An  ounce  of  distilled  water, 
at  60^  Fahrenheit,  dissolves  an  ounce  and  a  quarter  of  these 
crystals,  or  at  the  boiling  temperature  twice  its  weight.  This 
solution  is  decon)posed  and  becomes  mouldy  by  keeping. 
The  crystals  do  not  atti-act  moisture  from  the  atmosphere. 
They  contain,  according  to  Berzciius, 

Real  acid 79  ....  1  atom. 

Water 21   ....  2  atoms. 

100. 

Only  a  small  part  of  this  water,  viz.  about  7  per  cent.,  can 
be  driven  off  by  a  degree  of  heat,  just  below  what  is  sufficient 
to  decompose  the  acid.  Tlie  real  proportion  of  water  can 
only  be  determined,  by  uniting  the  acid  with  some  basis, 
with  oxide  of  lead  for  example. 

When  treated  with  about  three  times  its*weight  of  nitric 
acid,  the  citric  acid  is  converted  partly  into  the  oxalic,  of 
which  It  gives  half  its  weight.  As  the  proportion  of  nitric 
acid  is  increased,  that  of  the  oxalic  is  diminished,  till  at 
length  it  disappears  altogether,  and  acetic  acid  appears  to  be 
formed. 

Citric  acid  is  decomposed  at  a  high  temperature,  and  yields 
products  which  are  constituted  of  carbon,  hydrogen,  and 
oxygen  in  uncertain  proportions.  Gay  Lussac  and  Thenard 
analysed  it  by  combustion  with  chlorate  of  potassa;  Berzelius 
by  peroxide  of  copper;  and  Dr.  Ure  by  the  same  method. 
The  difference  between  the  results,  exhibited  in  the  first  and 
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second  coltttnnsi  Berzelius  atcribes  to  the  wmt  of  due  ftlloir* 
ance,  by  Gay  Lussac  and  Thenard,  for  the  water  of  crystal- 
lization. 

Carbon 83.811 41.369 33.00 

Oxygen    ....  59.859 54.831 62,37 

Hydrogen  .  •  •     6.330  •...••     3.800 4.63 

lOO.*  lOO.f  1004 

The  constitution  of  citric  acid,  most  nearly  agreeing  with 
the  results  of  Berzelius,  is  as  follows : 

Carbon 4  atoms  ....  24    41.38 

Oxygen 4  ditto     • ...  32    55.17 

Hydrogen  ...  2  ditto     ....    2    ......     3.45 

58  100. 

Dr.  Ure's  determination  gives,  for  the  crystals,  4  atoms  of 
carbon  +  5  of  oxygen  +  3  of  hydrogen,  and  the  equivalent 
number  67,  from  which,  deducting  two  atoms  of  water,  always 
detached  by  uniting  the  acid  with  protoxide  of  lead  (or  2 
atoms  of  oxygen  4-  2  of  hydrogen),  he  deduces  the  composi- 
tion of  the  anhydrous  acid  to  be  4  atoms  of  carbon  =  24,  +  3 
of  oxygen  =  24,  +  1  of  hydrogen,  and  its  equivalent  number, 
therefore,  to  be  49.  Reasoning  from  the  composition  of 
citrate  of  lead.  Dr.  Thomson  concludes  that  the  true  repre- 
sentative number  for  dry  citric  acid  is  58,  and  for  the  crystals 
58  +  18  =  76..  (Ann.  of  Phil.  N.S.  ii.  140.)  Such  a  number 
would  result  from  a  combination  of  4  atoms  of  carbon,  4  of 
oxygen,  and  2  of  hydrogen.  From  the  united  evidence, 
therefore,  of  Berzelius's  analysis  of  citric  acid,  and  of  the  com- 
position of  citrate  of  lead,  we  may  consider  the  anhydrous 
acid  as  correctly  represented  by  58,  and  the  crystals,  contain- 
ing 2  atoms  of  water,  by  58  -f  1^  =  76. 

Citric  acid  readily  unites  with  alkalis,  earths,  and  metallic 
oxides. 

Citrate  of  potassa. — According  to  Vauquelin,  36  parts  of 

•  Rechercbes,  vol.  ii.  f  Berzelius,  Ann.  de  Chim.  xciv.  1T2. 

J  Ure,  Phil.  Trans.  1822. 
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crystallized  citric  acid,  dissolved  in  water,  require  for  tatnra- 
tion  61  cxf  crystallized  bt*carbonate  of  potassa;  and  the  resuk 
is  an  extremely  soluble  and  even  deliquescent  Balt»  composed 
in  iu  dry  state  of  S6^  acid  and  44^  alkali.  These  numbers 
are  not  very  remote  from  those  required  by  the  atomic  weight 
of  the  base  and  acid. 

Citrate  of  soda  is  a  very  soluble  salt.  Thirty-six  parts  pf 
citric  acid  neutralize  42  of  dry  sub-carbonate  of  soda ;  and 
hence  100  parts  of  the  citrate  consist  of  60*7  acid  and  $93 
base.  The  proportions  most  consistent  with  atomic  weights 
are  64.5  base  +  S5.5  acid. 

Citrate  of  ammonia. — The  same  quantity  of  citric  acid  sa- 
turates 44  parts  of  sub-carbonate  of  ammonia;  and  affords  a 
soluble  and  difficultly  crystalliziJsle  salt,  composed,  in  100 
parts,  <^  62  acid  and  SB  base.  In  tliis  case,  the  proportion 
of  base  considerably  exceeds  the  theoretical  number^  viz.  22J$ 
in  100  of  the  citrate. 

CitrtOe  of  baryta  consists  of  equal  weights  of  add  and  base* 
It  is  an  insoluble  salt  of  little  importance. 

Cilraie  of  magnesia. — Thirty-six  parts  of  crystallized  acid 
neutralize  40  parts  of  sub-carbonate  of  magnesia.  Hence  100 
parts  of  the  salt  contain  S3.S4  base  and  66.66  acid,  but  theory 
would  require  only  25S  base  to  74.4  acid.  The  salt  is 
sohible,  but  not  crystallizable. 

Citrate  of  lime. — Crystallized  citric  acid,  dissolved  in  water, 
requires  an  equal  weight  of  chalk  for  saturation.  The  com- 
pound, when  neutral,  is  insoluble;  but  with  an  excess  of  acid 
it  becomes  readily  soluble.  It  was  found  by  Gay  Lussac  and 
Thenard  to  consist  of 

Acid 68.83 

Lime ••• .  31.17 


100. 

The  theoretical  constitution  of  this  salt  diflfers  very  little 
from  that  deduced  from  experiment,  viz. 

Citric  acid 1  atom  ....  SB 67.6 

Lime 1  ditto  ....  28 32.4 

86  100. 

Digitized  by  VjOOQIC 


SO0  VBOKTABLfi  BUfiSTANCBS.  CBAP.  X. 

CUraie  qfzific,  resulting  from  the  action  of  citric  acid  on 
ainc^  which  it  attacks  with  effervescence,  forms  small  brilliant 
crystals,  insoluble  in  water. 

Citrate  of  iron. — Citric  acid  dissolves  iron  filings  with  e& 
fervescence.  The  solution^  -which  is  almost  colourless,  depo- 
sits citrate  of  iron  in  the  state  of  a  white  powder.  It  has  a 
sweetish  and  astringent  taste;  dissolves  readily  in  water,  but 
not  in  alcohol ;  and,  when  exposed  in  a  moist  state  to  the  air, 
becomes  first  yellow  and  then  olive,  being  converted  into  the 
perciirate.  This  salt  is  deliquescent,  and  forms  an  olive  green 
solution,  and  is  incapable  of  crystallizing. 

There  is  also  a  bi^citrate  of  the  protoxide,  which  is  depo- 
sited in  a  white  crystalline  form  during  the  solution  of  iron  in 
citric  acid.  It  has  an  acid  and  astringent  taste,  and  does  not 
undergo  the  farther  oxidation  of  its  base,  nearly  so  soon  as 
the  neutral  citrate. 

Citrate  of  copper. — Citric  acid  dissolves  oxide  of  copper  at 
a  boiling  heat,  and  the  solution  yields  light  green  crystals. 

Citrate  of  lead  is  precipitated  from  acetate  of  lead  by  citric 
acid  in  the  state  of  an  insoluble  powder.  It  contains,  accord- 
ing to  Berzelius,  S4.18  acid  +  65.82  base,  proportions  which 
confirm  the  number  already  given  for  the  equivalent  of  citric 
acid ;  for  65.82:  84.18 ::  112 :  58,  very  nearly.  Now  58  is 
the  number  already  deduced  for  the  equivalent  of  citric  acid 
from  the  results  of  its  ultimate  analysis. 

These  are  the  only  citrates  that  have  been  particularly  in- 
vestigated. 

Art.  2. — Gallic  Acid. 

Tliis  acid  exists  in  the  galUnut,  along  with  tan  and  other 
substances.  In  Sir  H.  Davy's  experiments,  400  grains  of  a 
saturated  infusion  of  galls,  gave,  by  evaporation,  53  of  solid 
matter,  composed  of  nine-tenths  tan  and  one-tenth  gallic 
acid.  The  acid,  as  was  discovered  by  Scheelc,  may  be  ob- 
tained by  exposing  an  infusion  of  galls  in  water  to  the 
air.  A  mouldy  pellicle  will  form  on  the  surface  of  the 
infusion ;  and,  after  some  months*  exposure,  small  yellow  crys- 
tals will  appear  on  the  inside  of  the  vessel.    These  ci^stals 
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contaia  both  tan  and  gallic  acid**  To  puriTy  them,  they 
must  be  dissolved  in  alcohol,  and  tiie  solution  cautiously  eva» 
porated  to  dryness. 

Crallic  add  may  also  be  procured  by  suUiination.  Pounded 
galls  are  to  be  put  into  a  large  retort,  and  heat  slowly  and 
carefully  applied.  The  gallic  acid  will  rise,  aud  be  condensed 
in  the  neck  of  the  retort  in  shining  white  crystalline  plates. 
Tiie  process  must  be  stopped  before  any  oil  comes  over»  as 
this  would  re-dissolve  the  crystals.  This  method  is  recom« 
mended  by  Deyeux  as  preferable  to  any  other. 

The  gallic  acid  may  be  separated  from  the  infusion  of  galls, 
by  adding  muriate  of  tin  till  the  precipitate  ceases  to  appear. 
This  precipitate  may  be  reserved  for  the  experiments  detailed 
under  the  article  Tan.  From  the  remaining  solution  the  su- 
perabundant oxide  of  tin  must  be  precipitated  by  sulphureteil 
hydrogen  gas,  and  the  clear  liquor,  on  evaporation,  yields 
crystals  of  gallic  acid.  From  one  ounce  of  galls,  according  to 
Haussman,  about  three  drachms  of  gallic  acid  may  be  thus 
obtained. 

In  Nicholson's  8vo.  Journal,  vol.  i«  page  256,  a  very  simple 
process  for  obtaining  gallic  acid  is  proposed  by  M.  Fiedler. 
Boil  an  ounce  of  powdered  galls,  in  sixteen  ounces  of  water 
down  to  eight,  aud  strain  the  decoction.  Precipitate  also  two 
ounces  of  ulum,  dissolved  in  water,  with  a  sufficient  quantity 
of  carbonate  of  potassa,  and,  after  having  washed  the  pre- 
cipitate extremely  well,  add  it  to  the  decoction,  and  digest 
the  mixture  for  U  hours,  shaking  frequently.  The  alumina 
combines  with,  and  carries  down,  both  the  tan  and  extract ; 
aud  the  filtered  solution  yields,  by  gentle  evaporation,  crystals 
of  gallic  acid. 

To  separate  gallic  acid  from  the  tan  which  accompanies  it^ 
Baruel  has  proposed  to  add  to  the  infusion  of  galls  a  solution 
of  white  of  eggs,  till  it  ceases  to  occasion  a  precipitate ;  to  eva- 
porate to  dryness  the  clarified  liquor;  and  to  add  alcohol  to 
the  dry  mass.  From  the  alcoholic  solution,  the  gallic  acid 
may  be  obtained  in  crystals,  by  evaporation.  (Thenard's 
Traite  de  Chim.  2d  edit,  and  Ann.  de  Chim.  et  Phys.  x.  235.) 

*  Berxslias,  94  Aao.  de  Cbim.  303* 
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Mr.  Fairadiiy  has  adapted  a  similar  prooesi^  uung  gelatine 
instead  of  albumen^  and  applying  it  by  boiling  together  bruued 
galls  with  about  one  sixth  their  weight  of  clipped  skins.  (Quar- 
terly Journal*  vi.  154.)  All  these  methods,  however,  M.  Bra- 
connoC  is  of  opinion  are  inferior  to  that  of  Scheelei  when  mo- 
dified as  follows.  He  infused  250  grammes  (each  about  15j. 
grains)  of  bruised  galls  in  rather  more  than  two  wine  pints  of 
water  during  four  days,  agitating  from  time  to  time;  pressed 
out  the  liquor ;  filtered  it  through  paper,  and  exposed  the 
liquor  to  the  air  in  a  glass  vessel,  at  a  temperature  varying 
from  65^  to  75°  Fahrenheit,  for  two  months.  A  considerable 
quantity  of  gallic  acid  separated  in  crystals,  which  were  col- 
lected and  pressed*  The  solid,  thus  obtained,  consisted  partly 
of  gallic  acid,  and  partly  of  a  new  acid  insoluble  in  boiling 
water.  The  liquid,  which  passed  through  the  cloth,  was  eva- 
porated to  the  consistence  of  syrup,  and  at  the  end  of  24 
hours,  more  crystals  were  obtained,  whidi  were  also  subjected 
to  pressure. .  The  quantity  of  gallic  acid  amounted  to  62 
grammes,  but  it  was  mixed  with  an  insoluble  powder.  The 
whole  was  boiled  with  about  a  pint  and  a  quarter  of  water, 
and  filtered;  and  about  10  grammes  of  a  light  fawn  coloured 
substance  remained  on  the  filler.  The  filtered  solution  de- 
posited on  cooling  about  40  grammes  of  gallic  acid,  and,  from 
the  remaining  liquid,  about  10  grammes  more  were  obtained 
by  evaporation.  M.  Braconnot  found  also  that  gallic  acid 
was  developed  by  keeping  the  bruised  galls  moistened  and  ex- 
posed to  the  air,  and  that  an  odour  of  alcohol  was  emitted 
daring  their  decomposition.  (Ann.  de  Chim*  et  de  Phys.  ix. 
184.) 

By  none  of  these  processes,  however,  can  gallic  acid  be 
obtained  perfectly  pure;  for  it  is  still  contaminated  with  a 
small  proportion  of  extract.  To  purify  it,  Deyeux  advises  its 
sublimation.  Over  a  glass  capsule,  containing  the  impure 
acid,  and  placed  in  a  sand-heat,  another  capsule  is  to  be  in- 
verted, and  kept  cooK  On  the  impression  of  the  heat,  the  acid 
rises  into  the  upper  one,  in  the  form  of  white  needle-shaped 
crystals.  By  this  process,  the  qualities,  and  probaUy  the  com- 
position, of  gallic  acid,  appear  to  undergo  some  change. 

Braconnot  finds  that  tiie  gallic  acid,  prapared  by  his  method, 
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and  bftTing  a  light  fiiwn  colour,  may  be  purified  by  dissolving 
100  parts  in  800  oT  boiling  water,  and  adding  18  parts  of 
animal  charcoal  (ivory  black)  which  has  been  Washed  with 
diluted  muriatic  acid.  The  materials  are  to  be  kept  heated  in 
a  sand  bath  for  a  quarter  of  an  hour;  and  the  liquor  filtered 
through  paper  and  suffered  to  cool,  agitating  it  several  times. 
The  acid  thus  obtained  is,  after  pressure,  perfectly  white,  and 
occasions  no  precipitate  in  an  infusion  of  gelatine.  Re-dis« 
solved  in  boiling  distilled  water,  it  forms  small  silky  crystals 
of  the  most  perfect  whiteness. 

The  pure  gallic  acid  has  the  following  characters : 

1.  Its  crystals  have  the  form  of  transparent  plates  or  of  oc- 
tohedrons.  They  have  a  weakly  acid  and  somewhat  astringent 
taste. 

2.  Gallic  acid  burns  with  flame,  when  placed  on  a  red-hot 
iron,  and  emits  an  aromatic  smell.  When  distilled  per  se  at 
a  high  temperature,  it  is  decomposed,  and  yields  the  usual 
products  of  the  destructive  distillation  of  vegetable  matter. 

S.  It  is  soluble  in  24  parts  of  cold,  or  three  of  boiling  water. 
The  solution  is  decomposed  by  keeping,  and  acquires  a 
mouldy  pellicle  on  its  surface.  Alcohol,  when  cold,  dissolves 
one  fourth,  or  an  equal  weight  when  heated.  It  is  also 
soluble  in  ether. 

4.  The  solution  reddens  blue  vegetable  colours;  but  Berze- 
lius  denies  its  action  on  the  colour  of  turnsole.  It  effervesces 
with  alkaline  carbonates,  but  not  with  earthy  ones. 

5.  Nitric  acid  converts  the  gallic  into  oxalic  acid. 

6.  It  unites  with  alkaline  solutions  without  producing  any 
deposit ;  but  from  watery  solutions  of  lime,  baryta,  and  stron- 
tia,  it  occasions  a  bluish  precipitate.  Of  the  combinatiojis 
of  eartlis  with  acids,  it  decomposes  those  only  with  base  of 
glucina,  yttria,  and  zirconia,  a  property  distinguishing  those 
earths  from  all  others. 

7.  It  precipitates  most  metals  from  their  solutions;  gold, 
silver,  and  copper,  of  a  brown  colour ;  lead,  white ;  mercury^ 
orange ;  bismuth,  yellow ;  and  iron,  deep  black.  It  is  inca-* 
pable,  however,  according  to  Richter,  of  detaching  iron  from 
sulphuric  acid,  unless  assisted  by  some  body  which  has  an 
affinity  for  sulphuric  acid.    The  precipitate  from  soktioos  of 
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iron  is  soluble  in  an  excess  of  ihe  acid  entering  into  tlie  solu- 
tion. It  forms  the  basis  of  iuk,  which,  according  to  Deyeux, 
consists  of  carbureted  oxide  of  iron,  and  gallate  of  iron. 

The  only  analysis  we  possess  of  gallic  acid  is  that  of  Berze- 
lius  (Ann.  of  Phil.  v.  17B.)  According  to  his  experiments,  it 
consists  of 

Carbon 56M 

Oxygen , 38.36 

Hydrogen 5 

100. 

The  atomic  constitution,  most  nearly  corres]K>nding  with 
these  proportions,  is  the  following: 

Carbon G  atoms ....  36    57.14 

Oxygen 3  ditto  ....  24    38.10 

Hydrogen ....  3  ditto   ....     3    4.76 

63  100. 

This  agrees  very  nearly  with  the  equivalent  deduclble  from 
the  composition  of  gnllntc  of  load,  which,  according  to  Berze- 
lius,  consists  of  173.97  protoxide  of  lead,  +  100  gallic  acid  ; 
and  1 73.97 :  100  ::  1 1 2  (the  equivalent  of  oxide  of  lead) :  63.92. 

A  full  and  valuable  history  of  the  gallic  acid,  and  of  all  the 
processes  then  known  for  obtaining  it,  by  Bouillon  La  Grange, 
mny  be  consulted  in  Nicholson's  Journal,  xvii.  RS,*  That 
chemist  has,  however,  expressed  a  doubt  of  the  claim  of  the 
gallic  acid  to  be  considered  as  a  distinct  acid,  and  suspects 
that  it  is  only  a  modification  of  the  acetic.  In  confirmation 
of  these  doubts  he  remarks,  that  its  properties  differ  accord- 
ing to  the  method  in  which  it  has  been  prepared  ;f  but  there 
does  not  appear  to  me  sufficient  reason  to  deny  the  distinct 
nature  of  a  compound,  which  is  distinguished  by  so  many 
striking  peculiarities  as  belong  to  the  gallic  acid. 

*  Tli€  reader  will  Htid,  also,  much  importaut  matter  on  this  subject  in 
Messrs.  Aikins'  Dictionary  of  Chemistry^  article  Gall  Nat,  am!  in  Dr. 
Bostock*8  papers  in  Nicholson's  Journal,  ixiv. 

t  Annates  tie  Chimie,  Ix.  150. 
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Art.  3. — JMalic  Acid. 

ThU  acid  exists  in  the  juice  of  apples,  gooseberriesi  aud  of 
some  other  fruits,  in  which  it  is  found  mixed  with  the  citric, 
and  occasionally  with  other  acids.  It  may  be  obtained  by 
evaporating  the  juice  nearly  to  dryness,  and  then  adding 
alcohol,  which  dissolves  tlie  acids,  and  leaves  the  mucilage. 
To  this  solution  of  citric  and  malic  acids  in  alcohol,  chalk  is 
to  be  added  to  saturation,  and  the  precipitate  to  be  washed 
with  boiling  water,  which  takes  up  Uie  malate  of  lime,  and 
leaves  the  citrate.  The  solution  of  the  malate  of  lime  may 
then  be  decomposed  by  sulphuric  acid. 

Or  the  juice  of  apples  may  be  saturated  with  carbonate  of 
potassa,  and  mixed  with  a  solution  of  acetate  of  lead,  till  the 
precipitate  ceases.  This  precipitate  is  to  be  washed  with  water, 
and  diluted  sulphuric  acid  is  to  be  added,  till  the  liquor  acquires 
an  acid  taste,  unmixed  with  any  sweetness.  The  fluid  is  to 
be  filtered,  to  separate  the  sulphate  of  lead,  and  evaporated. 
It  yields  no  crystals,  but  a  thick  liquor  of  a  cherry-red  colour. 
Braconnot  objects  to  this  process,  that  the  acid,  obtained  by 
it,  is  contaminated  with  a  mucilaginous  matter  intermediate 
between  gum  and  sugar,  which  modifies  its  chemical  proper* 
tics. 

Vauquclin  has  shown  that  the  malic  acid  may  be  obtained 
advantageously  from  the  juice  of  house-leek  (sentpenfwiim 
leciorum)  by  adding  acetate  or  nitrate  of  lead,  and  decompos- 
ing the  insoluble  malate  with  sulphuric  acid,  added  in  slight 
excess.  To  remove  the  redundant  sulphuric  acid,  Gay  Lussac 
boils  the  liquor  with  a  small  quantity  of  litharge^  and  throws 
down  the  oxide  of  lead  by  a  current  of  sulphureted  hydrogen. 
He  then  evaporates  to  the  consistence  of  syrup,  and  adds 
alcohol,  which  separates  the  malic  acid  from  a  portion  of 
malate  of  lime.  The  alcohol  is  then  distilled  off  at  a  gentle 
heat,  and  the  residue  dissolved  in  water.  (Ann.  de  Chim.  et 
Phys.vi.3Sl.) 

Malic  acid  may  be  formed,  also,  by  the  action  of  nitric  acid 
on  sugar.  Equal  weights  of  sugar  and  nitric  acid  arc  to  be 
distilled  together^  till  t)ie  mixture  assumes  a  brown  colour. 
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The  oxalic  acid  may  be  separated  by  adding  lime  water; 
after  which,  the  remaining  liquor  is  to  be  saturated  with  lime 
and  filtered.  On  the  addition  of  alcohol,  a  coagulum  of  ma- 
late  of  lime  is  formed,  which  may  be  dissolved  in  water,  and 
decomposed,  as  before  directed,  by  acetate  of  lead;  and 
afterwards  by  sulphuric  acid.  This  process,  however,  Mr. 
Donovan  finds  to  be  extremely  uncertain  and  costly. 

In  1815  Mr.  Donovan  discovered  in  the  juice  expressed 
from  the  berries  of  the  sorhus  auaiparia,  or  service  tree,*  what 
he  then  considered  as  a  distinct  acid ;  and  the  experiments  of 
Vauquelin  and  Braconnotf  appeared  for  a  time  to  confirm  his 
conclusions.  To  procure  it,  the  firuit  of  the  sorbus,  collected 
about  the  month  of  October  a  little  before  it  is  perfectly  ripe, 
is  to  be  bruised  in  a  porcelain  or  marble  mortar,  and  sub- 
mitted to  strong  pressure.  Vauquelin  recommends  that  the 
juice,  thus  obtained,  should  be  allowed  to  remain  12  or  15 
days  in  a  moderately  warm  place.  By  the  fermentation, 
which  it  thus  undergoes,  a  quantity  of  viscid  matter  is  depo* 
sited,  whicli  may  be  separated  by  filtration.  The  clear  liquor 
may  be  mixed  with  a  solution  of  acetate  of  lead,  which  affords 
a  copious  precipitate.  This  is  to  be  washed  on  a  filter,  first 
with  a  large  quantity  of  cold  water,  to  free  it  from  colouring 
matter;  and  next  with  repeated  quantities  of  boiling  water,  the 
hot  washings  only  being  reserved  in  a  series  ofgl ass  jars.  After 
some  hours,  they  become  opaque,  and  deposit  crystals  of  sin- 
gular lustre  and  beauty,  resembling  benzoic  acid.  Those, 
which  have  been  formed  in  the  colourless  washings,  are  to  be 
collected  on  a  filter,  dried  in  the  air,  and  preserved  for  a  sub- 
sequent process. 

The  original  mass,  remaining  on  the  filter,  is  next  to  be 
boiled  for  half  an  hour  with  a  slight  excess  of  diluted  sulphuric 
acid;  and  when  cold  is  to  be  filtered.  The  clear  liquor  is  to 
be  mixed,  a  second  time,  with  acetate  of  lead ;  the  precipitate 
washed  as  before  with  boiling  water;  and  the  crystals  selected 
from  the  colourless  washings  only.  The  remaining  mass  is 
again  to  undergo  the  action  of  sulphuric  acid  as  before. 
The  crystals,  thus   collected,   are  to  be  boiled  for  half  an 

•  Phil.  Trans.  1815,  f  Ann.  de  Chim.  et  Phys.  vi. 

Digitized  by  VjOOQ IC 


BSCT.  r.  NATIirC  TBOBTABtB  ACUM.  SO? 

hour  with  d.8  their  weight  of  sulpborjc  acid  of  the  specific 
gravity  of  1.090,  supplying  water  as  It  evaporates,  and  taking 
care  to  keep  the  materials  suspended,  by  stirring  constantly 
with  a  glass  rod«  The  clear  liquor  is  to  be  filtered  off,  and 
poured  into  a  tall  and  narrow  glass  jar.  While  still  hot,  suU 
phureted  hydrogen  gas  is  to  be  passed  through  it,  till  all  the 
lead  has  been  precipitated.  The  fluid  is  then  to  l>e  filtered, 
and  boiled  in  an  open  vessel,  until  the  vapour  ceases  to  blacken 
paper,  on  which  characters  have  been  traced  with  acetate  of 
lead.  The  acid  liquor  thus  obtained,  when  evaporated  to  a 
syrup,  shoots  on  cooling  into  mamillary  crystals,  which  have  a 
very  sour  taste,  and  deliquiate  in  a  moist  atmosphere*  Br»- 
connot  prefers  obtaining  the  acid  by  the  intermediation  of 
lime  rather  than  of  oxide  of  lead,  by  which  process  he  pro- 
cures a  larger  proportion  of  acid. 

By  a  subsequent  train  of  experiments,  Braconnot  was 
led  to  conclude  that  the  sorbic  acid  is  essentially  the  same 
with  the  malic;  for  when  divested  of  all  impurities,  it  exhi- 
bited the  same  properties,  and  formed  with  bases  precisely  the 
same  compounds.*  The  same  conclusion  has  been  drawn  by 
Houton  Labillardi^re.f  The  identity  of  the  acid,  when  ob- 
tained from  different  sources  being  thus  established,  it  appears 
to  be  due  to  Scheele  to  distinguish  it  by  the  term  malic,  which 
he  originally  proposed  for  it. 

The  malic  acid  is  liquid,  and  incapable  of  being  crystallized ; 
for,  when  evaporated,  it  becomes  thick  and  viscid,  like  syru)). 
Its  taste  is  very  sour,  but  it  is  quite  free  from  smell.  It  is  diffi- 
cult to  obtain  it  fi^ce  from  colour;  but,  by  a  process  somewhat 
tedious  and  complicated,  Braconnot  succeeded  in  preparing 
it  quite  white,  from  the  juice  of  sempervivum  iectomm.  It  is 
very  soluble  in  water,  and  in  alcohol.  By  keeping,  it  under- 
goes a  kind  of  decomposition.  Nitric  acid  converts  it  into 
oxalic  acid.  It  unites  with  alkalis  and  earths.  With  lime  it 
forms  a  salt  which  is  almost  insoluble  in  cold  water,  but  readily 
soluble  by  hot ;  and  in  consequence  of  this  last  property,  it 
may  be  easily  separated  from  the  oxalic,  citric,  and  tartaric 
acids ;  all  of  which  form  with  lime  compounds  that  are  inso- 

•  Ann.  de  Chim.  et  Phys.  viii,  149,  t  ^^^^*  «14. 
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iuble  even  in  boiling  water.  When  ))erfectly  pare,  Gay  Lus* 
sac  hai  shown  that  it  does  i)Ot  decompose  either  nitrate  of 
silver,  of  mercury,  or  of  lead ;  but  from  acetale  of  lead  it 
throws  down  a  precipitate^  which  is  soluble  in  acetic  acid,  and 
even  in  boiling  water. 

When  malic  acid  is  heated  out  of  the  contact  of  air,  it  sub- 
limes, and  the  sublimed  crystals  possess  characters  differing 
from  those  of  the  original  acid.  WIichi  thus  altered,  it  has 
been  called  pyromalic  add. 

The  sorbic  acid,  which  may  now  be  considered  as  identical 
with  the  malic,  was  analyzed  by  Vauquelin,  by  combustion 
with  oxide  of  copper,  and  it$  composition  is  stated  to  be 

Carbon 28.3 

Oxygen 54.9 

Hydrogen 16.8 

100. 
These  results  indicate 

S  atoms  of  carbon   18 30. 

4  ditto    of  oxygen 32   53.33 

10  ditto    of  hydrogen  . .  •  •  10 16.(>7 

60  100. 

The  probability  that  60  is  the  true  equivalent,  is  strength- 
ened also  by  Vauquelin*s  analysis  of  sorbate  or  malate  of  lime, 
which  gives  57.84  for  the  equivalent  of  malic  acid,  a  difierence 
not  greater  than  might  be  expected  from  unavoidable  errors 
of  experiment. 

Malate  ofpolassa  is  deliquescent,  very  soluble,  and  not  crys- 
tallizable.  The  bi*malate  forms  crystals  which  are  permanent, 
soluble  in  water,  but  insoluble  in  alcohol. 

Malate  of  soda  resembles  very  closely  in  its  properties  die 
foregoing  salt. 

Malate  of  lime. — ^The  neutral  malate  of  lime  is  an  insoluble 
salt,  which  may  be  obtained  by  adding  lime  water  to  a  solu- 
tion of  the  super-malate.  The  latter  salt  is  chiefly  formed 
when  carbonate  of  lime  is  added  to  malic  acid.  It  has  an 
acid  taste ;  is  soluble  in  water,  but  not  in  alcohol ;  and,  when 
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«v«pQrated  (o  dryoev*  atsuroea  the  appeuwne*  ofgiiin.  Mtp 
l»t9  of  lime  if  often  Ibuud  In  mAlio  aeidt  and  gives  it  the  pra» 
perty  of  precipitatiiig  titrate  of  lead. 

Mahie  1^  haryia  resembles  the  foregoing  salt  in  its  pfo* 
perties. 

Malale  of  sironiia  is  more  sduble  than  the  two  foreginng 
malates,  for  strontitic  water  is  not  rendered  turbid  by  malie 
acid,  which  precipitates  lime  and  baiyta  from  waten 

Mulaie  qf  magnsM  ftmns  permanent  crystals,  soluble  in 
83  times  their  weight  of  water  at  60°. 

MalaU  of  alumina  is  precipitated,  in  an  almost  insoluUe 
ibrm»  when  malic  acid  is  added  to  salts  with  base  of  alumina. 
Hence  Mr.  Chenevix  proposed  this  acid  as  a  means  of  sepa» 
rating  alumina  from  magnesia;  but  the  method  has  not  been 
genafally  adopted  in  practice. 

Maiaie  of  iron  forms  a  brown  solution  which  is  not  crystaU 
lizable. 

MfdaU  ^lead  is  immediately  preeipitated  on  pouring  malie 
aeld  into  solution  of  acetate  of  lead,  and  on  adding  acetate  of 
lead  to  any  liquid  containing  malate  of  lime.  It  is  soluble  in 
weak  nitric  acid  and  acetic  acid.  According  to  Mr.  Donovan, 
it  is  capable  either  of  existing  in  a  neutral  state,  or  of  uniting 
with  an  excess  of  either  acid  or  base ;  but  this  is  not  consistent 
with  the  experience  of  Vauqoelin.  Gay  Lussac  ( Ann.  deChim. 
et  Pbys.  vi*  892.)  suggests  that  a  triple  compound  probably 
exists  of  malic  acid  with  lime  and  oxide  of  lead. 

The  combinations  of  malic  acid  with  other  metallic  oxides 
baTe  not  yet  been  investigated. 

Art.  4i.^^Tartaric  Acid^  and  its  Omlinaiions, 

The  tartaric  acid  is  generally  obtained  from  the  bi-tartrate 
of  potassa  (purified  cream   of  tartar)  by  the  following  pro- 


Let  100  parts  of  finely  powdered  cream  of  tartar  be  inti- 
mately mixed  with  about  SO  parts  of  pulverized  chalk.  This 
is  best  done  by  grinding  them  together  in  a  mortar,  and  pass- 
ing the  mixture  through  a  sieve.  Let  the  mixture  bo  thrown, 
by  spoonsful,  into  eight  or  ten  tiroes  its  weight  of  boiling 
water;  waiting  for  the  cessation  of  the  effervescence,  which 
VOL.  n.  p 
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•18  produced  by  each  addition,  before  any  more  is  thrown 
in.  This  method  I  find  preferable  to  the  entire  solution  of 
tlie  cream  of  tartar  in  the  first  instance^  which  requires  a  very 
large  quantity  of  water.  If  it  should  appear,  from  the  e£fect 
cfthe  liquor  on  litmus  paper,  that  the  chalk  has  not  beeik 
lidded  in  sufiicient  quantity,  more  may  be  gradually  used,  till 
the  colour  of  the  litmus  is  no  longer  reddened. 

By  this  operation,  a  quantity  of  insoluble  tartrate  of  lime 
will  be  formed,  which  is  to  be  allowed  to  subside,  and  washed, 
three  or  four  times,  with  cold  water.  To  the  tartrate  of  lime, 
difinsed  through  a  sufiicient  quantity  of  water,  concentrated 
sulphuric  acid  may  be  added,  equal  in  weight  to  the  chalk 
which  has  been  employed.  The  mixture  may  be  allowed  to 
stand  for  24  hours,  during  which  it  should  be  frequently 
agitated.  Assay  a  little  of  the  clear  liquor,  by  pouring  into  it 
some  solution  of  acetate  of  lead.  A  copious  precipitate  will 
be  formed,  which  may  either  consist  of  tartrate  of  lead,  or  of 
a  mixture  of  tartrate  with  sulphate  of  lead.  To  determine 
this,  add  diluted  nitric  acid,  which  dissolves  the  tartrate  but 
not  the  sulphate.  A  small  quantity  of  uncombined  sulphuric 
acid,  though  not  necessary,  does  no  harm ;  but  a  large  excess 
of  that  acid  is  injurious,  from  its  re-acting  on  the  tartaric  acid| 
when  heat  is  applied  in  the  subsequent  stages  of  the  process. 
The  deficiency  of  sulphuric  acid,  if  enough  has  not  been  used 
to  decompose  all  the  tartrate  of  lime,  should  be  supplied  by 
adding  more;  or  a  redundance  of  it  removed  by  the  addition 
ofa  little  chalk.  The  evaporation  of  the  solution  may  now 
be  carried  on,  in  a  manner  precisely  similar  to  that  directed 
for  the  citric  acid ;  and  the  crystals  purified  by  a  second  solu- 
tion and  evaporation. 

The  liquor  remaining  after  the  addition  of  chalk,  consists 
of  the  neutral  tartrate  of  potxissa.  It  may  be  decomposed  by 
mixing  it  with  solution  of  muriate  of  lime,  till  no  farther  pre- 
cipitation ensues.  An  insoluble  tartrate  of  lime  fails  down, 
which  may  be  decomposed  by  sulphuric  acid,  in  the  way  al- 
ready directed.  Or  the  tartrate  of  potassa  may  be  evaporated 
lo  dryness,  and  reserved  for  other  purposes.  If  the  tartrate 
of  lime  be  formed  by  the  first  operation  only,  the  product  of 
crystallized  acid  amounts  to  between  one  fourth  and  one  fifth 
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the  weight  of  the  cream  of  tartar.  Bat  the  decomposition  by 
muriate  of  lime  doubles  the  product  of  crystallized  acid* 

Quicklime  has  been  recommeoded  as  a  substitute  for  chalk 
in  this  process;  but  I  have  never  found  that  it  could  be  em- 
ployed with  any  advantage;  for  a  quantity  of  caustic  potassa 
is  set  at  liberty  by  its  action,  which  dissolves  the  tartrate  of 
lime,  and  prevents  it  from  precipitating.  When  chalk  is  em- 
ployed for  saturation,  that  part  of  the  acid  only  is  neutralized, 
which  constitutes  the  super'9B\t ;  but  with  quicklime  the  ope- 
ration is  carried  still  farther,  and  the  neutral  tartrate^  also, 
abandons  its  acid. 

The  tartaric  acid  forms  regular  cr3rstals,  the  shape  of  which 
is  that  of  four  sided  prisms,  apparently  rectangular,  termi- 
nated by  dihedral  summits,  and  sometimes  by  four  sided  py- 
ramids. Their  specific  gravity  is  1.5962.  They  melt  at  it 
heat  a  little  exceeding  ^12^  into  a  fluid  which  boils  at  250^, 
and  leaves  a  semitrnnsparent  mass  on  cooling,  slightly  attrac- 
tive of  moisture  from  the  air,  though  the  original  crysUils 
were  not  deliquescent. 

The  crystals  require  for  solution  five  or  six  parts  of  water 
at  60^  Fahrenheit;  but  are  much  more  soluble  in  boiling 
water.  The  solution,  which,  if  saturated,  has  the  sp.  gr.  1 .230, 
acquires,  if  diluted,  like  that  of  most  other  vegetable  acids, 
a  mouldy  pellicle  by  keeping.  The  cfjrstals  were  found  by 
Berzelius  to  consist  of 

Real  acid 88.75   100. 

w ater  •«••••»•••  ii ^jio   *•••••     i «.7 


100. 

Bergman  exposed  tartaric  acid  to  distillation  with  nitric 
acid,  in  the  manner  practised  for  obtaining  oxalic  acid,  but 
without  being  able  to  produce  the  latter  acid.  Hermbstadt, 
however,  by  usiug  a  very  concentrated  nitric  acid,  succeeded 
in  converting  the  tartaric  into  the  oxalic  acid,  and  from  six 
drachms  of  the  former  obtained  four  drachms  and  two  scru- 
ples of  the  latter.  Westrumb,  also,  was  successful  in  tlie 
same  attempt,  and  adds  that  the  tartaric  acid  may  be  changed 
into  the  acetic  by  digestion  with  water  and  alcohol. 

p  2 

Digitized  by  VjOOQIC 


9If  VBOBTABLI   UVBtTAVOM.  CHAP.  X. 

Tartarie  acid  has  bam  analysed  by  Oay  Lussac  and  Tba- 
nard,  by  Beraallus,  and  by  Dr.  Ure^  and  their  results  are  con«* 
tained  in  the  foUowiog  Table.    One  hundred  parts  consist* 

Csrbon.  Oxygen.         Hydrogen. 

According  to  Gay  Lussac,  of  24.050 , . . ,  69.321  •  • . .  6.629 

. Berzelius,  of  , ,  35.98    ....  60.28    ....  S.?* 

\Jk^9  of 31.42    , . . .  65,82    ....  2.76 

The  disagreement  of  the  two  first  series  of  results  with  each 
other  is  occasioned^  probablyi  by  part  of  the  water  of  crystal-i 
lization  having  been  attached  to  the  acid  analysed  by  Gay 
Lussac  and  Thenard,  which  would  increase  the  proportions 
of  oxygen  aqd  hydrogen.  The  most  probable  atomic  consti* 
tutioQ  of  anhydrous  tartaric  acid  appears  to  be  the  follow* 
ing: 

Carbon 4  atoms  . .  24    ....  36.36 

Oxygen 5  ditto     . .  40   ....  60.61 

Hydrogen  ...  2  ditto  ...     2   • . . .     3.08 

66  100. 

And  the  crystals  are  probably  composed  of 

Anhydrous  acid  1  atom  ....66   . • 88 

Water 1  ditto  . . . ,     9   ....,,..  12 

75  100 

An  additional  atom  of  hydrogen  in  tartaric  acid  would  be  less 
consistent  with  the  results  of  its  ultimate  analysis;  though  it 
would  better  accord  with  the  equivalent  number  (67)  dedu- 
cible^  as  will  afterwards  appear,  from  the  composition  of  tar- 
trate of  lead. 

.  Tariraie  qfpolassOf  called  formerly  soluble  tartar ^  may  be  ob- 
tained by  adding  sub-carbonate  of  potassa  either  to  cream  oP 
tartar,  or  to  the  solution  of  the  crystallized  acid,  till  all  effer- 
vescence ceases;  or  by  evaporating  the  liquid  which  remains 
after  adding  chalk  to  the  solution  of  bi-tartrate  of  potassa  in 
preparing  tartaric  acid.  According  to  Von  Packen  120 
grains  of  sub-carbonate  require  for  saturation  112  of  pure 
tartaric  acid.    Mr.  R.  Phillips  finds  that  100  parts  of  cream 
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of  tartar  reqaire  for  neutralization  48^  of  sub-carbonate  of 
potawa.  The  resulting  salt  is  tery  soluble,  and  eveil  deli* 
quescent.  It  is  capable  of  crystallising  lit  flat  four  sided 
prisms  terminated  by  dihedral  summits.  It  is  composed,  ac* 
cording  to  Beraelius,  of 

Tartaric  acid 58,69 •  100 

P6taisa..... ^Lgl  irr.w    70«t 

100. 
It  probably  consists  of 

Tartaric  acid  1  atom  .  •  66 57.90 

Potassa  ....  1  ditto   •  •  48 43.10 


114  100. 

Super-iarircUe^cr  bi-tarirate  ofpotassa.^-K  info  a  solution  of 
the  neutral  tartrate  of  potassa  we  pour  a  solution  of  tartaric 
acidy  a  white  powder  falls  down  in  great  abundance,  which  is 
a  compound  of  the  neutral  salt,  and  an  additional  quantity  of 
acid.  The  tartaric  acid,  In  this  proportion^  even  separates 
potassa  irom  the  mineral  acids.  Thus  by  adding  tartaric 
acid  to  the  muriate  of  potassa^  we  obtain  a  precipitate  of  the 
bi«tartrate  of  that  alkali. 

The  substance,  which  is  known  in  commerce  under  the 
name  of  tartar^  is  an  impure  variety  of  this  salt.  Wha;i  puri* 
ged  by  solution  and  re-crystallization,  it  aflbrds  white  crystals, 
the  form  of  which  has  been  particularly  described  by  Dr« 
Wollaston.*  These  crystals,  by  being  reduced  into  powder, 
become  the  cream  oflarlar  of  the  shops. 

Bi- tartrate  of  potassa  has  the  specific  gravity  1.955.  It 
requires  for  its  solution  a  very  large  quantity  of  water,  not 
less  than  60  parts  at  60^  Fahr.  or  14  at  212°.  Hence  iu  so* 
Itttion  in  hot  water  deposits  the  salt  on  coolings  so  rapidly 
and  in  such  quantity  as  almost  to  resemble  precipitation. 

Bi-tartrate  of  potassa,  it  is  observed  by    Gay   LussaCyf 

*  Thomsoo's  Anaalsi  x.  37.  f  Abo.  de  Chim.  et  Phys.  iii.  29U 
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ftcts,  in  many  cases,  like  a  simple  acid,  and  even  dissolves 
oxides  that  are  insoluble  in  the  mineral  acids  and  in  the 
tartaric  acid.  He  proposes  its  use,  therefore,  in  mineral 
analyses* 

From  the  experiments  of  Berzelius,  the  composition  of  bi- 
tartrate  of  potassa  may  be  stated  at 

Acid   .....^.•..  7Q.*5   ...,...,  100 

Potassa   .....•••  24.80    35.2 

Water 4.75 

100. 

The  proportions,  most  consistent  with  the  relative  weights 
of  the  acid  and  base,  are,  exclusive  of  water. 

Tartaric  acid,  2  atoms  • .  •  •  132    73.89 

Potassa ....  1  ditto 48    26AI 

180  100. 

Inthetartrate,then,wehave  100  base  +  137.5  acid 
— —  bi-tartrate   100  ....  +  275. 

In  the  bi-tartrate,  is  found  also  a  quantity  of  water,  which 
appears  essential  to  tlie  constitution  of  the  salt;  for  it  cannot 
be  separated  by  heat,  without  decomposing  the  acid.  Its 
proportion,  indeed,  is  as  nearly  as  possible  that  of  an  atom, 
for  95.25  :  4.75 : :  180 :  9  very  nearly.  We  may  consider  the 
crystallized  bi*tartrate  then  as  constituted  of  1  atom  of  bi- 
tartrate  +  1  atom  of  water. 

When  100  grains  of  bi-tartrate  are  incinerated,  so  as  to  des- 
troy the  acid,  the  alkali  obtained  is  exactly  sufficient  to  neutral- 
ize 100  grains  of  the  crystals  dissolved  in  water;  a  proof 
that  the  potassa  in  the  acidulous  salt  is  combined  with  twice 
as  much  acid  as  in  the  neutral  compound. 

By  the  destructive  distillation  of  1000  parts  of  bi-taitrate  of 
potassn,  Fourcroy  and  Vauquelin  obtained,  exclusively  of 
gaseous  products,  of  acid,  and  of  charcoal,** 


*  Ann.  de  Chim.  l&lv.  48. 
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Pure  dry  sub-carbonate  of  potassa •  •  350 

Tartrate  of  lime   6 

Silica 1.2 

Alumina 0.25 

Iron  and  manganese • » .       0.75 

Tartrate  of  potassa  and  soda  may  be  formed  by  neutralizing 
24  parts  of  cream  of  tartar  with  18  parts  of  sub-carbonate  of 
soda.  The  resulting  salt  is  well  known,  from  its  being  em^ 
ployed  in  medicine  under  the  name  of  Sel  de  Seignetie^  or  fio« 
ckelle  Salt.  It  requires,  for  solution,  about  five  parts  of  cold 
water,  but  much  less  at  the  boiling  temperature.  From  the 
experiments  of  Vauquelin  it  appears  to  be  composed  of  54  parts 
of  tartrate  of  potassa,  and  46  parts  of  tartrate  of  soda.  The 
proportions  of  1  atom  of  tartrate  of  potassa  +  1  atom  of  tar- 
trate of  soda  would  require  that  it  should  consist  of 

Tartrate  of  potassa 53.73  - 

Tartrate  of  soda 46.27 

100. 

Tartrate  ofsoda,  formed  by  saturating  tartaric  acid  with  car- 
bonate of  soda,  crystallizes  in  fine  needles,  which  are  soluble 
in  an  equal  weight  of  cold  water.  On  adding  a  quantity  of 
tartaric  acid  equal  to  that  in  the  neutral  salt,  we  obtain  an 
insoluble  bi-tartrate  of  soda. 

Tartrate  of  ammonia  forms  polygonal  prisms,  which  have 
a  bitter  taste,  are  very  soluble  in  water,  and,  on  the  addition 
of  a  farther  proportion  of  tartaric  acid,  are  converted  into  an  . 
insoluble  bi-tartrate. 

Tartrate  of  lime  is  formed,  in  the  process  for  preparing  tar- 
taric acid,  by  adding  carl)onate  of  lime  to  a  solution  of  bi- 
tai*tratc  of  potassa.  It  is  white,  tasteless,  and  almost  insoluble 
in  cold  water,  but  soluble  in  600  times  its  weight  of  boiling 
water,  and  in  most  of  those  acids  that  form  soluble  compounds 
with  lime.  According  to  Berzolius  (94  Ann.  de  Chiui.  179), 
it  consists,  when  dried  at  a  gentle  heat,  of 

Tartaric  acid . . .   50.55    . .  . .  i  atom    ....  6G 

Lime 21.64    •  •  • .   1  atom    • .  • .  Si8 

Water 2781    ....  4  atoms  ....  3G 

100,  130 
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And  die  anhydrous  tartnite  of  lime  will  be  repreiented  by 

66  +  2d  =  94 

Tartrate  of  baryta  may  bo  formed  by  mixing  a  floltttton  of 
neutral  tartrate  of  potassa  with  one  of  muriate  of  baryta.  A 
compound  falU  down,  which  is  insoluble  in  water^  but  dissolves 
in  acetic  acid»  and  in  nitric  and  muriatic  acids*  We  are  un- 
acquainted from  experiment  with  the  proportion  of  its  com* 
ponentSf  but  it  probably  consists  of  an  atom  of  each  element* 

Tarlraie  of  strontia  may  be  formed  also  by  double  decom* 
position*  It  dissolves  in  320  parts  of  boiling  water^  and  ory* 
stallizes  from  its  solution  in  rhomboidal  prisms.  According 
to  Vauquelin  it  oonsisU  of  47.12  acid  +  52.88  base. 

Tartrate  qftnagfiesia  is  an  insoluble  salt,  unless  an  excess  of 
acid  be  present.  It  is  more  saline  to  the  taste  than  tartrate  of 
lime,  and  is  fusible  by  heat. 

Tartrate  of  alumina  may  be  prepared  by  acting  with  taitaric 
acid  on  fresh  precipitatied  alumina.  It  is  not  crystallizable, 
but,  when  evaporated,  forms  a  mass  resembling  gum. 

Tartrate  of  manganese. — Tartaric  acid,  when  heated  in  so- 
lution with  black  oxide  of  manganese^  is  decomposed,  and 
carbonic  acid  is  disengaged,  a  colourless  solution  of  manganese 
being  formed. 

Tartrate  of  zinCf  produced  by  the  direct  action  of  tartaric 
acid  on  zinc,  is  a  salt  of  difficult  solubility. 

Tartrate  of  iron  may  be  formed,  either  directly  by  acting  on 
metallic  iron  with  tartaric  acid,  or  by  mingling  solutions  of 
tartrate  of  potassa,  and  proto-sulphate  of  iron.  The  com- 
pound forms  lamellar  crystals,  which  are  sporingly  soluble 
in  water.  By  exposure  to  air,  tliey  pass  to  the  state  of  pei- 
tartrate. 

Tartrate  of  tin  has  not  been  examined. 

Tartrate  of  tin  and  potassa  may  be  formed,  by  boiling  oxide 
of  tin  in  solution  of  bi*tartrate  of  potassa.  It  is  very  soluble, 
and  is  not  precipitated  by  alkalis,  either  pure  or  carbonated. 

Tartrate  of  antimony  and  potassa  has  already  been  described 
in  the  section  on  antimony. 

Tartrate  of  cobalt. — Tartaric  acid  dissolves  oxide  of  cobalt, 
and  forms  a  red  crystallizable  salt. 

Tartrate  of  bismuth  is  precipitated  as  an  insoluble  white 
powder  from  the  salts  of  bismuth. 
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Tartrate  of  copper  fonns  a  blue  sediment,  on  dropping  tar- 
taric acid  into  sulphate  of  muriate  of  copper. 

Tartrate  of  lead  is  best  obtained,  by  adding  tartaric  acid  or 
neutral  tartrate  of  potassa  to  acetate  of  lead.  It  it  An  Insolur 
ble  white  powder^  and  is  constituted,  according  to  thb  analysis 
of  Berzelius,  of 

Tartaric  acid .  •  •  •  87.5  •  •  • .  1  atom  • « • .    66 
Protoxide  of  lead  63.5   ....  1  ditto  .  •  < .  1  It 


100.  178 

Tartrate  ofmercwry  is  an  insoluble  white  compound,  which 
becomes  yellow  by  exposure  to  the  light*  A  triple  salt  may 
also  be  obtained  by  boiling  in  water  six  parts  of  cream  of  tar- 
tar, and  one  part  of  oxide  of  mercury. 

PyrO' tartaric  Acid. 

When  tartaric  acid,  or  bi-tartrate  of  potassft,  is  distilled 
alone  in  a  retort,  a  large  quantity  of  combustible  gas  escapes; 
an  acid  liquid  passes  over;  and,  towards  the  close  of  the  pn>- 
cess,  a  white  sublimate  appears,  and  concretes  on  the  top  of 
tlie  retort.  The  acid  liquor,  when  evaporated,  also  deposits 
crystals,  and  these,  as  well  as  the  sublimate,  are  the  pyro^tar^ 
taric  acid.  Its  taste  is  extremely  sour;  it  dissolves  readily  in 
water ;  and  furnishes  crystals  by  evaporation ;  and  its  crystal, 
when  heated,  first  melt,  and  then  sublime  in  a  white  smoke, 
leaving  no  residuum. 

The  watery  solution  does  not  immediately  precipitate  acetate 
of  lead  or  nitrate  of  mercury ;  but  from  the  former  solution, 
needle-shaped  crystals  are,  after  some  time,  separated.  Its 
compound  with  potassa  immediately  decomposes  acetate  of 
lead,  but  does  not)  tike  tartrate  of  the  same  base,  decompose 
Uie  salts  of  baryta  and  lime ;  nor  does  it  form.  With  an  excess 
of  acid,  a  difficultly  soluble  salt. 

From  these  characters, .  which  differ  essentially  both  from 
those  of  tartaric  and  acetic  acids,  we  may  probably  consider 
the  pyro-tartaric  as  a  distinct  and  peculiar  acid.  (See  Ann.  de 
Chlm»  Ixiv.  40,  or  NicholsM's  Journal,  xxvi.  44.) 
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Art.  5. — J3€nzoic  Acid. 

This  acid  may  be  obtained  from  a  substance  termed  gum 
benzoin  or  benjamin.  It  was  formerly  procured  by  putting  a 
quantity  of  benzoin  coarsely  powdered,  into  an  earthen  pot, 
which  was  then  subjected  to  n  moderate  sand  heat.  The  ben« 
zoic  acid  sublimed,  and  condensed  in  a  cone  of  thick  paper, 
with  which  the  pot  was  covered.  As  thus  obtained,  how- 
ever, it  was  stained  by  an  empyreumatic  oil.  A  better  pro- 
cess, invented  by  Scheele,  consists  in  pulverizing  a  pound 
and  a  half  of  gum  benzoin  with  four  ounces  of  quicklime,  and 
then  boiling  them  for  half  an  hour  in  a  gallon  of  water,  con- 
stantly stirring.  When  cold,  the  clear  liquor  is  poured  ofF; 
and  what  remains  is  boiled,  a  second  time,  in  four  pints  of 
water,  the  liquor  being  poured  off  as  before.  The  mixed 
liquids,  consisting  chiefly  of  benzoate  of  lime,  after  being 
boiled  to  one  half,  are  filtered  through  paper ;  and  muriatic 
acid  is  gradually  added,  until  it  ceases  to  produce  a  precipitate. 
Finally,  after  having  decanted  the  licjuid,  the  powder  is  dried 
in  a  gentle  heat,  and  sublimed  from  a  proper  vessel,  placed  in 
a  sand-bath,  into  cones  of  writing  paper. 

Benzoic  acid  is  found  also  in  sloraxy  balsams  of  Peru  and 
TolUi  vanilla^  cinnamon,  and  the  urine  of  several  graminivorous 
animals,  and  has  been  shown  by  Berzelius  to  be  the  charac- 
teristic ingredient  of  tlie  acid  obtained  by  the  destructive  dis- 
tillation of  tallow.  Vogel  lately  met  with  it,  in  a  crystallized 
state,  between  the  skin  and  the  kernel  of  the  Tonquin  bean, 
and  in  the  flowers  of  the  Trifolium  melilolns  officinalis.  In  the 
latter,  Vogel  tiiinks  that  it  is  sufiiciently  abundant,  to  be  ad- 
Tantageously  extracted  for  use.    (AnnsJs  of  Phil.  xvi.  227.) 

Benzoic  acid  has  a  peculiar  and  not  disagreeable  odour ; 
and  a  taste  in  which  nothing  of  acidity  can  be  discovered,  for 
it  is  rather  sweet  and  aromatic;  but  it  reddens  the  colour  of 
litmus.  Its  crystals  are  soft  and  ductile,  and  cannot  be  re- 
duced to  powder.  It  is  volatilized,  in  white  fumes,  by  a  mo- 
derate heat.  It  requires  for  solution  about  24  times  its  weight 
of  boiling  water,  which,  as  it  cools,  leU  fall  4^ths  of  what  it 
had  dissolved.    It  is  soluble  in  alcohol.     9y  leaving  an  alco- 
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holic  solution  of  it  to  evaporate  spontaneously^  it  shoots  into 
fine  crystals,  which  are  flat  oblique  prisms,  perfectly  tran- 
sparent, and  frequently  an  inch  in  length,  and  the  twelfth  of 
an  inch  in  width,  but  so  thin  that  two  of  their  sides  are  scarcely 
perceptible.  The  angles  of  the  prism  are  109®  and  71  ^ 
(Quarterly  Journal,  vi.  153.) 

The  composition  of  benzoic  acid  has  been  investigated  by 
Ber^elius  and  Dr.  Ure,  with  the  following  results : 

Carbon 74.41    ......  66.74 

Oxygen 20.43    28.32 

Hydrogen 5.16   ......    4i)4 

100.*  lOO.t 

The  most  simple  view  of  the  constitution  of  benzoic  acid, 
founded  on  the  analysis  of  Berzelius,  would  represent  it  as 
constituted  of  5  atoms  of  carbon,  +  1  of  oxygen,  +  2  of  hy- 
drogen. But  this  would  not  agree  with  tlie  equivalent  de- 
ducible  from  the  analysis  by  the  same  chemist,  of  benzoate  of 
lead,  which  is  composed  of  93.61  protoxide  of  lead,  +  100 
benzoic  acid;  numbers  to  which  112  and  119.64  are  propor* 
tional.  On  the  supposition,  then,  that  neutral  benzoate  of  lead 
contains  an  atom  of  each  ingredient,  the  equivalent  of  benzoic 
acid  is  119.64,  or,  in  whole  numbers,  120.  Now  this  agrees 
very  well  with  the  following  statement  of  the  constitution  of 
benzoic  scid : 

Carbon 15  atoms  ....  90   ....  75 

Oxygen 3   ditto   ....  24    ....  20 

Hydrogen  ....    6  ditto   ....     6   . . .  •    5 

120  100 

Dr.  Ure,  by  saturating  benzoic  acid  with  solution  of  ammo- 
nia, deduced  116  for  the  equivalent  of  that  acid,  which,  ao* 
cording  to  his  view,  consists  of 


•  Am.  of  Phil.  V,  181.  t  Ure,  Phil.  Tranu.  1822. 
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Carbon  ......  IS  atoms  ....  78   ....  67.24 

Oxygen 4  ditto   ....  32   ....  27.60 

Hydrogen  ....     6  ditto   ....     6   • . .  •     5.16 

116  100. 

In  calculating,  howeveri  from  the  ultimate  analysis  of  the 
same  substance  by  different  persons,  it  appears  to  me  that  in 
general  those  results  are  to  be  preferred,  by  which  the  largest 
proportion  of  carbon  i»  indicated ;  because  it  is  more  probable 
that  too  little  than  too  much  carbonic  acid  should  be  found  in 
the  products  of  combustion.  In  this  instance,  too,  Berzelius  re- 
marks that  the  Volatility  of  the  benzoic  acid  renders  it  difficult 
to  prevent  a  small  quantity  from  escaping  decomposition. 

The  compounds^  which  this  acid  forms  with  alkaline  and 
earthy  bases,  called  benxoaieSj  are  fully  described  by  Hisinger 
in  the  40th  volume  of  the  Philosophical  Magazine,  and  by 
Berzelius  in  the  90th  volume  of  the  Annales  de  Chimie,  and 
those  with  metallic  bases  by  Tromsdorff,  in  vol.  xi.  of  that 
work.  A  few  of  the  latter  have,,  also,  been  noticed  by  Mr. 
Faraday.     (Quart  Journal,  vi.  159.) 

Benzoale  of  ammonia  may  be  obtained  in  featber*shaped 
crystals,  which  are  very  soluble,  and  even  deliquescent.  This 
salt  has  been  recommended  by  Berzelius  as  an  excellent  re- 
agent for  precipitating  iron  from  its  solution,  which  it  throws 
down  of  an  orange  colour,  whereas  the  few  other  insoluble 
compounds,  which  this  acid  forms,  with  the  oxides  of  mercury, 
tellurium,  and  copper,  are  white. 

Benzoaie  of  potassa. — The  neutral  benzoate  forms  feather- 
shaped  crystals,  which  are  soluble  and  deliquescent^  With 
an  additional  proportion  of  acid,  a  bi-benzoate  is  produced, 
which  crystallizes  in  small  plates  and  needles.  These  require 
ten  times  their  weight  of  water  for  solution,  redden  vc^table 
blues,  and  have  an  acid  sweetish  taste. 

Benzoaie  of  soda, — Its  crystals  are  larger  than  those  of  the 
similar  salt  of  potassa,  and  effloresce  in  the  air.  They  are 
very  soluble  in  water. 

Benzoate  of  lime  forms  white  shining  crystals,  requiring  20 
times  their  weight  of  cold  water  for  solution,  but  more  soluble 
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in  hot  water.    It  exists  in  the  urine  of  the  cow  in  considerable 
abundance. 

Benxoate  of  baryta^  crystallizable,  and  readily  soluble. 

Betaoate  of  strontia^  little  known»  but  probably  soluble,  be- 
cause benzoate  of  ammonia  does  not  precipitate  muriate  of 
strontia. 

Benxoate  of  magnesia^  crystallizable,  and  easily  soluble. 

Bensooaie  of  alumina  has  a  sharp  bitter  taste,  is  soluble  in 
water,  and  deliquesces  in  the  air. 

Benxoate  of  manganese  forms  thin  prismatic  crystals,  which 
are  colourless  and  transparent,  soluble  in  20  times  their  weight 
of  water,  soluble  in  alcohol,  and  constituted  of  23.08  oxide, 
+  76.92  acid. 

Benxoate  of  zinc  exists  in  needle-shaped  crystals^  which  are 
soluble  in  water  and  alcohol. 

Benxoate  of  iron  is  an  orange  yellow  powder,  insoluble  in 
water.  These  characters  apply  to  the  compound  formed  by 
adding  benzoate  of  ammonia  to  solution  of  peroxide  of  iron  ; 
but  TromsdorfF  states  that  oxide  of  iron  is  readily  dissolved  by 
an  excess  of  benzoic  acid,  and  forms  yellowish  crystals  which 
are  soluble  in  water  and  in  alcohol.     (Ann.  de  Chim.  xi.  816.) 

Benzoate  of  copper  forms  deep  green  crystals,  which  are  so- 
luble in  water,  but  not  in  alcohol. 

Benxoate  of  lead^ — Berzelius  describes  two  salts  of  lead, 
the  neutral  benzoate^  which  is  a  light  crystalline  powder, 
sparingly  soluble  in  water,  and  constituted  of  49.66  acid, 
46.49  basc^  and  3.85  water ;  and  the  sub-benzoate,  formed  by 
treating  the  first  mentioned  salt  with  solution  of  ammonia. 
The  latter  is  insoluble^  and  consists  of  26  acid,  +  74  base. 
If  then  1  atom  of  acid  be  united  with  1  of  base  in  the  neutral 
salt,  we  have  in  the  sub-benzoate  3  atoms  of  base  to  1  of  acid. 

For  the  benzoates  of  other  metals,  as  they  are  of  less  im-. 
pprtance,  the  reader  is  referred  to  the  sources  of  information, 
already  quoted. 

Art.  6. — The  Oxalic  Acid 

Is  found  native  in  the  juice  of  sorrel,  forming  a  bin*- 
oxalate,  and,  as  appears  from  the  experiments  of  Vauquelin, 
in  the  Rheum  Palmatum. 
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AttT.  7. — Aloroxylic  Acid. 

Mr.  Klaproth  discovered  this  acid,  combined  with  lime  and 
exiract»  in  small  grains  of  a  yellowish  and  blackish  brown  co- 
lour,  which  exude  from  tlie  trunk  of  the  white  mull>eriyy 
moms  aU'Of  L.  It  was  collected,  by  Dr.  Thompson,  from  trees 
in  the  botanic  garden  at  Palermo ;  and  seems  peculiar  to  those 
individuals  that  grow  in  hot  climates.  From  its  origin,  it  has 
been  called,  by  Klaproth^  mwoxylic  acid.  * 

To  obtain  the  acid  in  a  separate  state,  the  small  grains,  in 
which  it  occurs,  were  decomposed  by  acetate  of  lead,  and  to 
the  insoluble  precipitate,  diluted  sulphuric  acid  was  added. 
From  the  liquid,  fine  needle-shaped  crystals  were  obtained  by 
evaporation,  which  had  the  taste  of  succinic  acid ;  were  not 
altered  by  exposure  to  air;  dissolved  readily  in  water  and 
in  alcohol ;  but  did  not,  like  succinic  acid  or  its  salts,  precipi- 
tate metallic  solutions.  When  heated  in  a  retort,  these  crys- 
tals first  yielded  a  little  acid  liquor,  and  then  sublimed  un- 
altered, adhering  in  colourless  and  transparent  crystals  to  the 
top  and  neck  of  the  retort. 

The  compounds,  which  this  acid  forms  with  bases,  have  been 
called  fttoroxylates. 

Art.  8. — luiccic  Acid. 

This,  in  strictness,  should  be  classed  among  animal  acids. 
It  is  obtained  from  the  white  lac  of  Madras,  from  which,  when 
liquefied,  it  oozes  out  in  drops.  It  is  in  the  form  of  a  reddish 
liquor,  having  a  slightly  bitter  saltish  taste;  but,  on  evapora- 
tion, it  shoots  into  acicular  crystals,  which  are  soluble  in  wa- 
ter, alcohol,  and  ether.  It  may  be  raised  in  distillation.  It 
combines  with  carbonate  of  lime  and  soda,  and  excites  effer- 
vescence. It  precipitates  lead  and  mercury  from  their  8olu-« 
tions,  but  neither  lime-water,  nor  the  nitrates  of  silver  or  ba- 
ryta. It  assumes,  however,  a  green  colour  with  lime-water, 
and  a  purplish  one  with  sulphate  of  iron.  A  full  account  of 
its  properties,  and  of  those  of  the  substance  that  affords  it, 
may  be  found  in  Dr.  Pearson's  paper  in  the  Philosophical 
Transactions,  1794. 


*  See  Nicholson's  Journal;  8ro*  vii.  149. 
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Art.  9. — Phosphoric  Acid 

Exists  in  almost  all  vegetable  substances,  and  particularly 
in  all  the  varieties  of  grain,  not,  however,  in  a  free  state,  but 
in  combination  chiefly  with  potassa  and  lime.  Hence  the  coal 
of  almost  all  kinds  of  seeds  afibrds  phosphorus  by  distillatioiiy 
a  fact  originally  observed  by  Margraaf,  and  confirmed  by  the 
experiments  of  Saussure.* 

Art.  10. — The  Pruwc  Acid 

Has  been  discovered  in  water  distilled  from  bitter  almonds, 
from  the  leaves  of  the  laurel,  and  from  peach  blossoms,  and 
from  the  bark  of  the  prutms  padus.  When  the  distilled  liquid  is 
neutralized  with  potassa,  a  crystallizable  salt  is  obtained,  the 
solution  of  which  throws  down  prussian  blue  from  the  salts  of 
iron.  Vauqueliu,  also,  obtained  prussic  acid  by  distilling 
water,  with  a  very  gentle  heat,  from  the  kernels  of  apricots.f 

Art.  11. — Bolttic  Acid. 

This  acid  was  first  obtained  by  Braconnot,  from  the  juice 
of  the  boletus  psetido-ignarius.X  The  juice  was  boiled,  filtered, 
and  evaporated  cautiously,  to  the  consistence  of  syrup*  This 
was  repeatedly  digested  in  alcohol;  the  insoluble  portion  was 
dissolved  in  water,  and  precipitated  by  nitrate  of  lead.  The 
white  precipitate,  thus  obtained,  was  mixed  with  water,  and 
decomposed  by  sulphureted  hydrogen  gas.  The  liquid,  being 
evaporated,  yielded  crystals  of  bolelic  acid. 

The  crystals,  when  purified  by  solution  in  alcohol,  and  re*^ 
crystallization,  are  white,  and  have  the  shape  of  irregular  four« 
sided  prisms.  They  recjuire  1 80  parts  of  water  at  68^  to  dis- 
solve them,  and  45  parts  of  alcohol.  The  aqueous  solution 
reddens  v^etable  blues,  precipitates  nitrate  of  lead;  and 
throws  down  the  peroxide,  but  not  tlie  protoxide  of  iron,  from 
its  solutions.  Nitrates  of  silver  and  mercury  aflbrd  with  it  a 
white  precipitate. 

*  Nicholson's  Journnl,  x«v.  379.        f  Annales  de  Chemie,  xW.  906.  * 
}  Thomson's  AonnU,  ii.  469. 
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With  the  alkalis  and  earths,  it  unites,  and  forms  a  class  of 
salts,  which  may  be  called  boktates. 

Art.  12. — Zumk  Add. 

An  acid  was  discovered,  some  years  ago,  by  Braconnot,  in 
vegetable  substances,*  which  have  undergone  the  acetous  fer- 
mentation. He  first  procured  it  from  rice,  which  had  been 
left,  mixed  with  water,  at  a  gentle  heat,  till  it  had  become 
sour.  When  drained  in  a  woollen  bag,  a  liquid  passed  through, 
which  gave  acetous  acid  by  distillation*  Continuing  the  eva- 
poration, almost  to  dryness,  a  gummy  substance  was  left, 
having  a  decidedly  acid  taste.  This  was  digested  in  alcohol, 
and  the  solution,  evaporated  to  the  consistence  of  syrup,  be- 
came a  granular  crystalline  mass  with  a  strongly  acid  taste. 
It  still,  however,  contained  a  salt  with  base  of  lime.  The  ex- 
cess of  acid  was,  therefore,  neutralized  by  oxide  of  zinc ;  the 
salt  obtained  was  decomposed  by  baryta ;  and  the  baryta  pre- 
cipitated by  sulphuric  acid.  The  liquor,  being  now  carefully 
evaporated  to  a  syrup,  left  an  uncrystallizable,  almost  colour- 
less, acid,  nearly  as  strong  to  the  taste  as  the  oxalic. 

With  potnasa  and  soda,  this  acid  gave  deliquescent  salts, 
soluble  in  alcohol ;  and,  with  ammonia,  a  oiystallizable  salt. 
It  formed,  with  lime,  a  salt,  which  required  21  times  its  weight 
of  water  for  solution ;  with  strontia,  a  salt  soluble  in  8  parts 
•f  water;  with  baryta  a  gummy  substance;  and,  with  mag- 
nesia, small  granular  crystals,  which  were  not  soluble  in  less 
than  25  parts  of  water. 

Dr.  Thomson,  in  the  5th  edition  of  his  System  of  Chemis- 
try  proposed  for  this  acid  the  name  of  Zumic  jicid,  fVom  (i^n, 
leaven ;  but  its  title  to  be  considered  as  a  distinct  compound 
has  been  rendered  doubtful,  if  not  annulled,  by  the  experi- 
ments of  Vogel,  who  finds  that  it  closely  resembles  the  lactic 
acid  of  Scheele  and  Berzelius.     (Ann.  of  Phil,  xil,  S91.) 

Art.  1$,—Rh0umic  Acid. 

A  new  acid  was  announced  by  Mr.  Henderson  as  existing 
in  the  stems  of  garden  rhubarb;  but  he  candidly  admitted  the 


*  86  Ana.  de  Chirn.  6^, 


Digitized  by  VjOOQ IC 


SSCT.  V.  NATIVB  VBGETABLB  ACIDS.  225 

possibility  of  fallacy  (Thomson's  Ann.  viii.  247),  and  Lassaigne 
afterwards  proved  (Ann.  de  Ch.  et  Phys,  viii.  402),  that  the 
supposed  new  acid  is  merely  the  oxalic,  united  with  some  im- 
purities, which  disguise  its  characteristic  properties. 

Art.  14. — Kinicjlad. 

When  yellow  Peruvian  bark  is  macerated  in  cold  water,  and 
tlie  infusion  concentrated  and  set  apart  for  some  time  in  an 
open  vessel,  a  salt  crystallizes  from  it  in  square  or  rhomboidal 
plates ;  having  no  taste ;  soluble  in  five  parts  of  cold  water ; 
and  insoluble  in  alcohol.  From  this  salt,  first  obtained  by 
M.  Deschamps,  jun.  of  Lyons,  Vauquelin  separated  the  lime 
by  oxalic  acid,  and  concentrated  the  remaining  liquor  to  the 
consistency  of  a  syrup,  which  he  set  aside  for  a  week,  when, 
on  touching  it  with  a  glass  rod,  it  crystallized  at  once  into 
divergent  plates.  Its  colour  was  slightly  brown  ;  its  taste  ex- 
tremely acid  and  rather  bitter ;  and  it  was  readily  soluble  in 
water.  It  is  distinguishable  from  other  vegetable  acids  by  its 
forming  a  soluble  salt  witli  lime,  and  by  its  not  precipitating 
silver  or  lead  (rom  their  respective  solutions.* 

Beside  the  acids  which  have  been  described,  there  arc  a 
few  others,  the  titles  of  some  of  which,  to  be  considered  as  dis- 
tinct compounds,  are  so  doubtful  that  it  may  be  sufficient 
merely  to  enumerate  them. 

The  meconic  ackl  is  described  in  connection  with  the  sub- 
stance, morphia,  with  which  it  is  associated. 

Tlie  isaguric  acid,  obtained  by  Pelletier  and  Cavcntou  from 
St.  Ignatws*s  lean  {Ann.  de  Ch.  et  Ph.  viii.),  approaches  most 
nearly  in  its  properties  to  the  malic. 

The  ellagicacidf  obtained  by  Braconnot,  and,  it  should  ap- 
pear, before  him,  by  Chevreul  (Ann.de  Ch.  et  Ph.  ix.  229),  is 
a  tasteless  white  powder,  with  a  shade  of  buflfl  Though  pro- 
cured from  galls,  yet  it  differs  essentially  in  its  characters 
from  gallic  acid.  It  neutralizes  potassa,  soda,  and  ammonia, 
and  forms  with  them  salts  difficult  of  solution.  When  heated, 
it  affords  a  crystalline  sublimate. 

*  Ann.  de  Chiia.Iix.  ^61. 
VOL.  II.  8 
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1.  These  oils  are  obtained,  by  pressure,  from  certain  Ve- 
getable see^s,  which  for  the  most  part  have  two  cotyledons,  as 
the  almond,  linseed,  poppy-seed,  rape-seed,  hemp-seed,  &c« 
and  from  the  pulp  surrounding  the  stone  of  the  olive. 

2.  As  thus  obtained,  they  are  liquid,  almost  tasteless,  unctu- 
ous to  the  feel,  and  give  a  greasy  stain  to  paper,  which  heat 
does  not  remove.  They  are  generally  combined  with  muci- 
lage, to  the  spontaneous  decomposition  of  which  is  chiefly 
owing  the  change  that  oils  undergo  by  keeping,  called  ranci- 
dily.  In  this  state  they  are  viscid,  and  contain  an  uncom- 
bined  acid,  which  reddens  vegetable  blue  colours. 

3.  They  are  usually  coloured,  but  may  be  deprived  of  colour 
by  digestion  with  animal  charcoal,  and  by  oxides  of  arsenic 
and  of  some  other  metals,  but  part  of  the  oxide  remains  united 
with  the  oil. 

4.  Their  specific  gravity  is  commonly  between  that  of  alco- 
hol and  water ;  generally  between  .890  and  .950,  but  varying 
in  different  oils  and  in  different  specimens  of  the  same  oil. 
Olive  oil,  for  the  most  part,  is  of  the  sp.  gr.  .913 ;  oil  of  almonds 
and  of  linseed  .932;  and  oil  of  palm  .968.  Hence  these  oils 
sink  in  alcohol,  and  float  on  the  surface  of  the  water.  They 
cannot,  by  strong  agitation,  be  brought  to  combine  with  water, 
but  always  separate  on  standing.  When  the  seeds,  however, 
which  contain  them,  are  rubbed  with  water,  especially  if  a  lit- 
tle sugar  be  added,  an  imperfect  solution  is  obtained,  called 
an  emulsion.  On  adding  an  acid  to  this,  the  oil  is  detached, 
and  floats  on  tlie  surface. 

5.  The  expressed  oils  of  linseed  and  of  olives,  Mr.  Brande 
finds,  are  very  sparingly  soluble  in  alcohol  of  specific  gravity 
.820.  Four  ounce  measures  of  alcohol  dissolve  a  drachm  of 
linseed  oil.  Castor  oil  is  perfectly  soluble  in  every  proportion 
in  alcohol  of  .820,  but  not  in  weaker  alcohol.* 

♦  Phil.  Trans.  1811,  p.  365. 
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6,  Four  ounpt  measures  ^  sulphurio  ethsr  of  specific  gra- 
vily  .7563  are  capable  of  dissolving  a  fluid  ounce  and  quarter 
of  oil  of  almonds;  a  fluid  ounce  ajid  half  of  olive  oU|  and 
almost  any  proportion  of  castor  oil*    (Brande.) 

?•  Some  of  the  fixed  oils  eongiealf  or  become  solid,  by  a  very 
moderate  reduction  of  their  temperature;  and  others,  as  ppLsl 
oil»  are  permanently  thick,  or  form  a  soft  sdid  like  butter,  at 
the  tonperature  of  the  atmosphere.  When  the  congealed  oil 
is  subjected  Co  pressure  between  folds  of  blotting  paper,  a  solid 
remains  somewhat  resembling  wax»  to  which  Chevreul  has 
given  the  name  of  steann  j  and  the  paper  imbibes  a  fluid 
which  he  has  called  elain.  Thes^  principles  will  be  more 
fiiUy  described  in  speaking  of  animal  oil,  in  which  they  exial 
in  greliter  abundance  and  more  distinctly  cboracterised* 

8«  They  unite  with  alkalis,  and  form  soap.  The  soap, 
however,  which  is  commonly  manufactured  in  this  country,  is 
made  by  combining  the  fixed  alkalis  with  animal  tallow.  Of 
the  processes  followed  in  the  preparation  of  soap,  both  from 
vegetable  and  animal  oils,  an  excellent  description  is  given  in 
Messrs.  Aikin's  Chemical  Dictionary.  A  memoir  of  Cbevreol 
on  the  Combination  of  Alkalis  with  Fat  may,  also,  be  ccm* 
suited  in  the  88th  and  94th  volumes  of  the  AmaUs  de  Chmu^ 
and  in  the  16th  vol.  of  the  new  series  of  that  work.  A  valuable 
paper  of  Colin  on  the  manufacture  of  hard  soap  is  ooBtainsd 
in  the  8d  voL  of  Annates  de  Chimieet  de  Physique. 

Soap  is  readily  soluble  in  water,  and  in  alcohol,  and  by 
gently  distilling  ofi^  the  latter  solvent,  the  soap  is  recovered 
in  a  transparent  state.  The  watery  solution  is  decomposed  by 
acids,  and  by  neutral  salts  with  earthy  bases.  Hence  hard 
waters,  which  contain  earthy  salts,  curdle  soap;  their  acid 
uniting  with  the  alkali  of  the  soap,  and  setting  the  oil  at 
liberty.  .When  a  strong  solution  of  soap  is  mixed  with  one 
of  a  metallic  salt,  a  substance  is  formed,  termed  a  metailio 
soap.  The  alkali  unites  with  the  acid  of  the  salt,  and  the  oil 
with  the  metallic  oxide. 

9.  Fixed  oils  dissolve  sulphur,  and  form  a  kind  of  balsam. 
They  act  also  on  phosphorus.  Both  these  substances',  when 
dissolved  in  the  due  proportion  of  hot  oil,  crystalUae  en 
cooling. 
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10.  The  properties  of  fixed  oils  are  diatiged  by  boiling 
^ith  metallic  oxides,  those  of  lead  for  example.  The  muci- 
lage unites  with  this  oxide,  which  probably  gives  iip  a  portion 
of  its  oxygen  to  the  oil,  and  the  oil  is  rendered  dryings  and 
fit  for  the  use  of  the  painter.  If  the  oxide  be  added  iii  a 
larger  proportion,  the  mass,  when  cold,  composes  a  plaster. 

OiU  also  may  be  rendered  drying,  by  merely  keeping  them 
exposed  to  air,  but  the  change  is  ^effected  more  rapidly  by 
boiling  tliem  some  time  in  an  open  iron  pot,  which  gives  them 
a  higher  colour  and  greater  consistency.  For  some  purposes, 
they  are  occasionally  set  on  fire  while  boiling,  and  extin<* 
guished  by  covering  the  pot  This  deprives  them  of  their 
unctuosity  more  completely  than  any  other  method ;  and  it  i^ 
always  practised  with  oil  intended  for  printers'  ink. 

11.  Fixed  oils  do  not  boil  under  600^  Fahr.  An  inflam- 
mable vapour  arises  from  them  under  500^,  but  this  is  con«^ 
densible,  and  when  rectified  is  highly  volatile  and  inflammable; 
It  does  not  appear  that  permanent  gases  are  generated  from 
oil  under  600^  Fahr.;  but  at  that  temperature,  or  a  little 
above  it,  water,  and  defiant  and  carbureted  hydrogen  gases, 
are  formed  abundantly,  with  small  proportions  of  acetic  acid« 
carbonic  acid,  and  carbonic  oxide.  Oil,  transmitted  through 
tubes  moderately  ignited,  is  wholly  changed  into  these  pro- 
ducts and  carbonaceous  matter. 

12.  Fixed  oils  are  extremely  combustible;  and  when  burned 
in  all  apparatus,  adapted  for  collecting  the  products  of  their 
combustion,  they  afibrd  notliing  beside  carbonic  acid  and 
water.  It  may  be  inferred,  therefore,  that  they  contain  carbon 
and  hydrogen,  the  proportions  of  which,  according  to  the 
estperiments  of  Lavoisier,  ate  79  of  the  former  and  21  of  the 
latter.  From  this  statement,  however,  oxygen  is  excluded^ 
which  it  is  certain  that  all  fixed  oils  contain ;  for  its  presence 
is  demonstrated  by  the  following  experiment  of  Sir  H.  Davy« 
When  a  globule  of  potassium  is  introduced  into  any  of  the 
fixed  oils  made  hot,  the  first  product  is  pure  hydrogen,  which 
prised  firom  the  decomposition  of  the  water  absorbed  by  the 
crust  of  potash  during  exposure  to  the  atmosphere.  If  the 
globule  be  previously  freed  from  this  crust,  carbureted  hy- 
drogen is  disengaged,  coaly  matter  deposited,  and  a  soap  is 
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formed.  To  generate  the  alkali,  however,  which  this  soap 
contains,  oxygen  must  necessarily  have  been  supplied  by  the 
decomposition  of  the  oil.  Sir  H.  Davy  has  also  found,  in  the 
products  of  their  destructive  distillation  by  heat,  a  proportion 
of  water,  to  the  production  of  which  oxygen  is  essential.* 
Additional  evidence  of  the  presence  of  oxygen  in  oil  has  been 
supplied  also  by  Oay  Lussac  and  Thenard's  analysis  of  olive 
oil,  which  they  find  to  be  composed  of 

Carbon 77.213 

Oxygen 9.427 

Hydrogen 13.360 

100. 

The  analysis  may  be  differently  stated  as  follows  : 

Carbon 77.213 

Oxygen  and  hydrogen  in  the")  .    ^.  ^ 

proportions  to  form  water  J 
ExC^s  of  hydrogen •  •  12.075 

100. 
Olive  oil,  then,  probably  consists  of 

10  atoms  of  carbon.  ..•••.••  60  ....  76 
1  atom  of  oxygen 8  ....  10 

11  atoms  of  hydrogen 11  « •  •  •  14 

79  100 

Or,  supposing  each  atom  of  carbon  to  be  associated  with 
1  of  hydrogen,  it  will  contain  10  atoms  of  olefiant  gas,  +  1 
atom  of  oxygen  and  1  of  hydrogen,  the  two  latter  probably 
constituting  1  atom  of  water.  Hence  olive  oil  must  contain 
nine  tenths  of  its  weight  of  the  elements  of  olefiant  gas,  in 
due  proportions  to  form  that  aeriform  compound. 

13.  Nitric  acid  acts  with  great  energy  on  the  fixed  oils 
In  a  small  proportion,  its  chief  efiect  is  to  render  them 
thicker.  When  distilled  with  a  larger  proportion  of  acid,  the 
oil  is  decom|M>scd,  and  nitrous  gas  disengaged ;  oxalic  acid 

.  *  Pbilosophicftl  Traoiactioni,  1808. 
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ifeamnlng  in  the  retort.  IM  md  fetnoking  iiltiio  acid,  wiieii 
Bndfilenly  miyed  with  fi  fixed  oil,  especially  with  the  addkioti 
0f  a  little  solpbHric  aeid,  occasions  a  violent  eombnttiott. 
Chiarkie  gas,  passed  through  ikt  oils,  thickens  tkem,  and  re»- 
d^sn  them  tenaoioot  like  wax.  j4cid  soap  is  best  formed  bjr 
naifing  concoitrated  solphoric  acid  with  oil.  It  lathers  with 
water  like  common  soap,  but  can  scarcely  be  considered  as  a 
permanent  compound,  and  is  of  no  ptactteal  use. 

14.  The  fixed  oils  have  a  singular  property,  which  has  led 
sometimes  to  serious  accidents.  When  mixed  with  lamp 
black,  or  with  any  light  kind  oi  charcoal,  and  even  with  se- 
veral vegetable  substances,  as  cotton-wool,  or  flax,  the  mix- 
ture, after  some  time,  heats  spontaneously,  and  at  length 
bursts  into  flame.  This  spontaneous  eombustion  has  some- 
times been  observed  to  take  place  in  the  waste  cotton,  which 
has  been  employed  to  wipe  oil  from  machinery,  and  been 
thrown  aside  for  a  few  hours.  It  has  probably  occasioned 
many  of  the  calainitous  fires,  which  have  happened  in  cotton- 
mills|  and  for  which  no  adequate  cause  could  be  assigned  ."^ 


SECTION  VII.    • 
■  VolatiU  or  Esseniial  Oils. 

With  the  exception  of  the  oil  from  the  rinds  of  the  lemon 
and  the  orange,  which  are  obtained  by  expression,  the  essen- 
tial oils  are  procured,  by  distilling  the  vegetables  that  afford 
them,  with  a  proper  proportion  of  water.  The  oil  either 
sinks  to  the  bottom,  or  swims  on  the  surface  of  the  Water, 
according  to  its  specific  gravity.  If  the  distilled  water  be 
very  long  kept,  Buchola  finds  that  the  oil  is  converted  into 
mucilage. 

1.  These  oils  have  a  penetrating  and  often  a  fragrant  smell, 
and  an  acrid  taste  which^  however,  is  in  many  cases  agreeable 
when  they  are  sufficiently  diluted.    Their  colours  vary  ex* 

^  See  Joarnal  of  Scteuc^^  Ire.  ▼.  367. 
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oeeditigly^  not  only  in  different  oilS)  but  in  the  Mtne  ^il  ao^ 
cording  to  it«  age. 

2.  They  are  volatilized  by  a  heat  below  212®  Fahr.  Hence 
the  spot)  which  they  leave  on  paper,  may  be  removed  by 
holding  it  at  a  small  distance  from  the  fire ;  but  the  stains 
from  expressed  oils  are  permanent.  In  this  way,  their  aduU 
teratlon  with  fixed  oils  may  be  detected. 

d.  They  can,  with  dH&cuIty,  be  brought  to  unite  with 
alkalis;  and  seem  indeed  to  resist  combination  with  those 
bases,  until  by  oxygenation  they  are  converted  into  resin. 
Hence  the  necessity  for  the  long  and  tedious  trituration  of 
alkali  with  oil  of  turpentine^  which  is  required  to  form  the 
compound  called  Storkey's  soap. 

4.  They  are  all  soluble  in  alcohol,  but  in  different  pro* 
portions. 

5.  They  do'  not  unite  with  water.  With  the  intervention 
of  a  little  sugar,  however,  they  are  combinable,  in  small  pro* 
portion,  with  water. 

6.  When  nitric  acid  is  poured  upon  these  oils,  especially 
if  it  has  been  previously  mixed  with  one  fifth  or  one  sixth  of 
sulphuric  acid,  the  mixture  bursts  into  a  violent  flame.  This 
experiment  requires  caution,  as  the  inflamed  oil  is  apt  to  be 
scattered  about. 

7.  Several  of  them  detonate,  when  nibbed  with  chlorate 
of  potassa,  and  take  fire  when  poured  into  chlorine  gas. 

8.  iSssential  oils  are  thickened  by  long  exposure  to  air. 
This  is  owing,  as  Dr.  Priestley  first  proved,  to  Uieir  absorbing 
oxygen,  a  fact  which  accounts,  in  some  degree,  for  the  inju- 
rious effects  of  fresh  painted  rooms.  But  they  also  undergo 
a  material  change  when  exposed  to  the  light  in  close  vessels ; 
their  colour  deepens  ;•  they  become  more  consistent  and  even 
unctuous;  and  their  specific  gravity  is  increased.  In  this 
case  too,  the  absorption  of  oxygen  probably  takes  place,  for 
the  change  is  more  complete,  the  more  air  is  included  in  the 
vessel,  with  the  oil. 

9.  Potassium  decomposes  the  volatile  oils  when  heated. 
Alkali  is  formed ;  a  small  quantity  of  gas  is  evolved ;  and 
charcoal  is  deposited. 

10.  When  digested  with  sulphur  they  unite  with  it,  form- 
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iiig  what  have  been  called  balsams  of  stdphuu  Theae,  when 
heated  stronglyi  give  a  large  quantity  of  sulphureted  hydrogen 
gas. 

11.  Essential  oils  dissolve  phosphorus  at  a  digesting  heat, 
.When  1  part  of  phosphorus  and  10  of  camphor  are  triturated 
togetlier,  and  then  dissolved  in  oil  of  cloves  or  some  other 
essential  oil,  a  permanent  solution  is  obtained  called  liquid 
^j^/imruSf  which  renders  every  thing  that  is  rubbed  with  it 
luminous  without  causing  combustion. 

One  of  the  most  useful  and  abundant  of  the  essential  oils 
is  that  of  turpentine,  called  commonly  spirit  of  iwrpentin^.  It 
is  obtained  by  distilling  turpentine  and  water,  in  due  propor-* 
tlons,  from  a  copper  alembic.  It  is  perfectly  limpid  and  co* 
lourless,  has  a  strong  smell,  a  bitterish  taste,  boils  at  316^,  and 
is  extremely  inflammable.  It  is  the  solvent  which  is  employed 
in  making  a  variety  of  varnishes,  but  for  purposes  of  nicely  it 
requires  to  be  rectified  by  a  second  distillation. 

Dr.  Ure  analyzed  a  specimen  of  sp.  gr.  0.888,  and  found  it 
to  be  composed  of 

Carbon  14  atoms 84< 82.35 

Hydrogen  10  atoms. ...  10 9.80 

Oxygen  1  atom 8  ..... .    7.85 

102  100. 

When  purified  by  alcohol,  it  had  the  sp.  gr.  0.878,  and 
appeared  to  be  compounded  of  carbon  and  hydrogen  only, 
and  to  approach  very  nearly  to  the  constitution  of  naphtha. 
(Phil.  Trans.  1822.) 

Camphw. 

Camphor  is  a  white,  semi-transparent,  and  highly  inflam^ 
mable  solid,  which  in  some  properties  resembles  essential  oils* 
It  is  obtained  from  the  laurus  camphora,  in  Japan,  and  other 
places  in  the  East,  by  distilling  the  wood  along  with  water. 
After  bemg  brought  to  Europe,  it  is  refined  by  a  second  sul>r 
limation  in  vessels  of  glass,  whose  shape  it  takes.  In  this 
state  it  has  a  crystalline  fracture,  is  brittle,  has  an  aromatic 
odour,  and  a  hot  acrid  taste.     Its  specific  gravity  is  0.088. 

Camphor  melts  at  288^  Fahr.,  and  boils  at  400^     It  is 
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voladle,  and  evaporates  spontaneously,  and  condenses  in  the 
upper  part  of  any  glass  vessel  in  which  it  is  kept,  in  hexa^ 
gonal  plates  or  pyramids. 

It  is  insoluble  in  water,  but  communicates  its  flavour  to 
hot  water  when  triturated  along  with  it,  especially  if  a  little 
sugar  be  added.  It  is  soluble  to  a  considerable  extent  in 
alcohol,  which  takes  up  S-4ths  of  its  weight.  On  adding 
water,  the  camphor  is  again  precipitated.  It  is  soluble  also 
both  in  fixed  and  volatile  oils,  and  in  strong  acetic  acid. 

Sulphuric  acid  was  found  by  Mr.  Hatchett  to  produce  a 
complete  decomposition  of  camphor,  and  to  convert  it  into 
charcoal,  a  yellow  oil,  and  a  blackish  brown  resin  analogous 
to  artificial  tan.  (Phil.  Trans.  1805.) 

By  the  action  of  nitric  acid,  camphor  is  acidified.  For  thi^ 
purpose,  camphor  is  to  be  repeatedly  distilled  with  four  times 
its  weight  of  nitric  acid,  till  about  20  parts  of  acid  have  been 
employed.  At  each  operation,  the  portion  of  camphor, 
which  sublimes  and  escapes  decomposition,  is  to  be  returned 
into  the  retort.  The  acid  is  susceptible  of  cry8tallizati<m ; 
the  crystals  efiloresce  in  the  air,  and  arc  soluble  in  100  times 
their  weight  of  cold,  or  in  11  tines  their  weight  of  boiling 
water;  they  are  combustible;  and  burn  with  a  dense,  aro- 
matic smoke;  they  melt  and  sublime  with  a  gentle  heat,  and 
dissolve  in  the  mineral  acids.  They  dissolve  also  in  about  six 
times  their  weight  of  cold  alcohol,  or  to  any  amount  in  boiling 
alcohol ;  and  are  not  precipitated  by  water. .  With  alkalis 
and  earths  they  compose  a  class  of  salts  called  camphorates. 
Fifty  grains  of  the  acid  are  saturated  by  ^8  of  carbonate  of 
lime  =  15.7  pure  lime. 

The  ultimate  analysis  of  camphor  has  been  performed  by 
Dr.  Ure,  who  represents  its  constitution  as  follows : 

Carbon 10  atoms  ....  60 78.02 

Oxygen 1  atom    . .  • .     8 10.40 

Hydrogen 9  atoms  ....     9 1 1 .58 

77  100. 

A  singular  substance,  very  much  resembling  camphor  in 
its  sensible  and  chemical  properties,  mav  be  obtained  by  pass- 
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ing  muriatic  ftcid  gas  through  essential  oil  of  turpentine, 
which  absorbs  about  a  third  of  its  weight.  The  oil  of  tur- 
pentine becomes  thick,  from  an  abundance  of  a  white  crys* 
talline  substance  which  forms  in  it.  This  may  be  separated 
by  draining  off  the  liquid ;  and  is  found  rather  to  exceed  the 
weight  of  the  essential  oil  submitted  to  experiment.*  It  is 
white,  crystalline,  granular,  volatile  in  a  moderate  heat,  and 
has  very  much  the  smell  of  camphor.  By  exposure  to  the 
air,  it  soon  loses  its  property  of  reddening  vegetable  blue 
colours.  As  to  the  theory  of  its  production,  Thenard  is  of 
opinion  that  no  decomposition  of  the  oil  of  turpentine  takes 
place;  but  that  the  muriatic  acid  unites  to  it  entire.  Ordinary 
camphor  of  commerce,  he  supposes,  from  analogy,  to  be  a 
compound  of  an  essential  oil  and  a  vegetable  acid. 


SECTION  VIII. 
Resins. 

Resins  are  the  inspissated  juices  of  certain  plants,  and  are 
generally  obtained  by  wounding  their  bark.  Copal,  or  lac, 
may  be  taken  as  an  example.  Dragon's  blood,  guaiacum, 
mastick,  elemi»  anime^  tacamabac,  sandaracb,  labdanum,  resiUf 
and  turpentine,  are  also  varieties  of  this  substance.  Common 
resin,  or  rosin^  is  the  substance  which  remains  after  the  distil- 
lation of  turpentine. 

1.  Resins  have  generally  a  yellow  colour,  and  are  imper* 
fectly  transparent*  In  specific  gravity  they  exceed  water »  That 
of  rosin  is  1.080. 

2.  They  are  dry,  brittle,  and  extremely  inflammable,  and 
emit  during  combustion  a  copious  and  dense  smoke. 

3.  All  the  resins  are  fusible.  Common  rosin  melts  at  156% 
and  assumes  the  consistence  of  turpentine.  If  the  heat  be 
increased  it  swells  up,  and  becomes  filled  with  bubbles,  owing 
to  a  quantity  of  water  and  probably  of  essential  oil  which  are 
■■■III    ■  ■  ■  ipi     II «   ■   I,  I. ».  -  ■        »■■  I  ■  I      I      ,    ^ ,  I  a^^ii^i^— ,^1^^^,^^,^^ 

*  Thenard,  M6 moires  d'Arcneil|  ii. 
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ipohitili^.  At  986^  it  becomes  quite  flald,  and,  if  kept  long 
enough  at  that  temperature,  it  loses  all  its  water,  and  concretes 
into  a  reddish  yellow  resin.  (ThomsoOf  Ann.  of  Pbtl.  xv.) 

4.  Resins  dissolve  in  alcohol^  ether,  and  essential  oils ;  but 
not  at  all  in  water,  which  even  precipitates  them  from  the 
foregoing  solvents.  Of  common  rosin,  akohol,  sp.  gr.  0.835, 
dissolves  l-8th  of  its  weight  at  60°  temperature. 

5.  Both  acids  and  fixed  alkalis  act  on  resins;  ihe  pure 
alkalis  most  remarkably.  The  alkaline  solution  is  cleaf,  and 
may  be  diluted  with  water  without  decomposition  ;  but  acids 
immediately  precipitate  the  re^in.  By  mixing  it  with  a  solu- 
tion of  a  metallic  salt,  the  oxide  is  precipitated  In  corabhiation 
with  resin.  Alkaline  carbonates  also  dissolve  resin  when 
boiled  along  with  it.  The  alkaline  solutions  have  the  pro- 
perties of  soap.  Into  common  brown  soap,  indeed,  a  portion 
of  resin  always  enters  as  an  ingredient.  Ammonia  acts  but 
feebly  as  a  solvent  of  these  bodies. 

6.  By  long  continued  and  repeated  digestion  with  nitric 
acid,  the  resins  afford  a  deep  yellow  solution j  which  has  the 
property  of  precipitating  animal  gelatine,  and  agrees,  there- 
ore,  with  tannin;  No  oxalic  acid  is  obtained  by  this  process, 
a  circumstance  which  distinguishes  the  resins  from  all  other 
vegetable  substances.  (Hatchett,  Phii.  Trans.  1805.) 

7.  Concetatrated  sulphuric  acid  dissolves  the  powdered 
resins.  If  the  solution  be  digested  in  a  moderate  heatj  sut« 
phurous  acid  is  fii*8t  evolved ;  in  a  few  days  this  ceases ;  and 
a  black  porous  coal  remains,  equal  to  from  40  to  70  per  ceni. 
of  the  weight  of  the  resin  which  has  been  employed ;  whereas, 
by  incineration  in  close  vessels,  little  more  than  -y^tli  part 
their  weight  of  coal  is  obtained.  In  the  latter  case,  the  char- 
coal is  carried  off  in  combination  with  hydrogen. 

Acetic  acid  dissolves  resins,  which  are  precipitated  from  it 
by  the  addition  of  water. 

8.  Resins  are  the  basis  of  varnishes,  and  arc  much  used  in 
medicine. 

There  is  a  remarkable  want  of  agreement  between  different 
statements  of  the  composition  of  the  same  kind  of  resin, 
arbing,  probably,  from  actual  differences  of  the  substance 
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iUelf.    Common  resin  afforded,  in  an  analysis  by  Qay  Lusmub 
and  Thenard, 

Carbon  . .  • » •  75.944  •  •  • .   =s   15  atoms  • .  • .  DO 

Oxygen  ....  13.837  • . . .  =     2     do 16 

Hydrogen. ..  10.719  ....   =   13     do 13 

100.  119 

But  Dr.  Thomson  (Ann.  of  Phil,  xv.),  analyzing  it  by 
peroxide  of  copper,  obtained 

Carbon  ..••..  63.15  ....  =  10  atoms  ....  60 

Oxygen 25.26  •  •  •  •   =    3     do 24 

Hydrogen....  11.59  ••••  =  11     do.     •••.  11 

100.  95 

And  resin  which  had  been  heated  to  276%  and  had  lo$t  a 
quantity  of  water,  and  probably  of  essential  oil,  afforded 

Carbon   .••.••  48.98  . . .  •  ss  4  atoms  « .  •  •  24 

Oxygen 48.98  .•..  a:  3    do 24 

Hydrogen 2.04  . . , .  =s   1    do 1 

100.  49. 

Dr.  Urc  states  the  following  as  the  results  of  his  analysis 
of  resin: 

Carbon    75.00  • .  •  •   =  8  atoms  •  •  • .  48 

Oxygen 12.50  ....   =   1    do 8 

Hydrogen. ....  12.50  . . . .  =  8    do 8 

100.  64 

Statements,  so  much  at  variance  with  each  other,  sufficiently 
show  that  the  ultimate  analysis  of  resin  still  requires  a  fresh 
appeal  to  experiment. 

In  the  analysis  of  copal,  also,  there  is  some  disagreement^ 
though  less  considerable,  between  the  results  of  MM.  Gay 
Lussac  and  Thenard,  and  those  of  Dr.  Ure.  Copal  consists^ 
according  to 
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Gay  Lussac  and  Thenard  •  •  •  76.81 1  . .  10.G06  • .  12.583 

Dr.  Ure»  from  experiment  ..  75.  ..  12.60    ••  12.50 

Ditto,  from  theory  « •  • 80.80  •  •  10.34     •  •     9.36 

In  the  theoretical  view,  the  carbon  is  increased,  on  account 
of  the  difficnlty  which  was  experienced  in  burning  it  com-* 
pletely  by  peroxide  of  copper.  Thus  modified,  its  constitution 
may  be  represented  by  10  atoms  of  carbon  +  1  of  oxygen  + 
7  of  hydrogen,  and  its  equivalent  by  the  number  75. 

Native  balsams  are  liquid  resins,  holding  in  combination  a 
proportion  of  Benzoic  acid.* 

Gum  resins,  along  with  resin,  have  an  admixture  of  ex-* 
tractive  matter.  They  dissolve  partly  in  water,  and  partly  in 
alcohol.  They  are  almost  solely  used  in  medicine.  Asafoetida, 
gum-ammoniac,  aloes,  gamboge,  myrrh,  opium,  &c.,  are  va- 
rieties of  gum-resin.t 

Guaiaaim  was  observed  by  Mr.  Hatchett  to  differ  from 
other  resins  in  giving  oxalic  acid  by  the  action  of  nitric  acid, 
and  very  little  tannin.  In  other  respects,  also,  it  has  been 
since  shown,  by  Mr.  Brande,  to  possess  properties  that  do  not 
agree  with  those  of  resins  in  general.  (Phil.  Trans.  18i06.) 

Amber  is  a  resin  possessed  of  peculiar  properties.  It  is 
found  in  some  places  beneath  the  surface  of  the  earthy  and  in 
others  on  the  sea  coast.  It  is  bard,  brittle,  nearly  trans- 
parent, sometimes  almost  colourless,  but  generally  of  a  pe- 
culiar yellow  colour,  which  has  been  called  amber  yellow.  Its 
specific  gravity  is  1.065  ;  it  is  insoluble  in  water ;  but  alcohol 
by  long  digestion  takes  up  about  l-8th  of  the  amber,  and 
forms  a  solution  which  is  rendered  milky  by  adding  water. 
The  residue  is  not  soluble  in  alcohol.  Amber  is  soluble  in 
boiling  solution  of  potassa,  and  after  a  length  of  time  in  alka- 
line carbonates. 

Weak  acids  do  not  act  on  amber.  Sulphuric  acid  converts 
it  into  a  black  resinous  mass.     Nitric  acid  dissolves  it,  but  no 


*  See  60  Add.  de  Cliim.  893. 

t  The  reader,  who  mnj  wish  for  further  information  respecting  the  gum- 
resins,  maj  consult  Braconuot's  Memoir  in  the  88lh  vol.  of  Nicholson's 
Journal ;  and  Pellecier's  in  the  OOtli  vol.  of  Annales  de  Cbimie. 
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ondk  Mid  is  Ibvmed.    After  being  melted,  it  beoomet  soluble 
in  linseed  oil,  A&d  forms  amier  varmisk. 

By  ^tillation  per  se  it  yields  a  distinct  add,  colled  tlie 
suoebdc—rTo  prepare  this  acid,  let  a  glau  retort  be  half 
filled  with  powdered  amber,  and  the  remainder  with  fii^e  dry 
^and.*  Lute  a  receiver,  and  apply  a  gentle  heat«  A  portion 
of  water  first  comes  over,  which  is  succeeded  by  a  weak  acetic 
a^id.  The  succinic  acid  then  sublimes;  but  is  contaminated 
by  a  mixture  of  oil.  It  may  be  purified  by  solution  and  crys* 
tallization;  and  it  then  forms  transparent  white  shining 
crystals,  having  the  form  of  triangular  prisms.  They  are 
soluble  in  24  times  their  weight  of  water,  and  in  boiling 
alcohol.  The  solution  reddens  the  blue  colour  of  turnsole, 
but  not  that  of  violets,  and  has  an  acid  taste.  It  combines 
with  alkalis,  &c.,  and  forms  succinates,  the  most  important  of 
which  is  the  succinate  of  ammonia.  This  salt  decomposes  all 
the  solutions  of  iron ;  and  afibrds  an  insoluble  precipitate, 
composed  of  succinate  of  iron.  Hence  it  is  highly  useful  in 
the  analysis  of  mineral  waters. 

Berzelius  states  the  composition  of  the  succinic  acid  as 
follows : 

Hydrogen..  4.512  ....  =  2  atoms,...  2 
Carbon ....  47.600  . . . .  =  4  ditto  ....  24 
Oxygen    . . .  47.888  ....  =  3  ditto    ....  24 

lOO.t  50 

By  experiments  on  its  compound  wilh  peroxide  of  iron, 
Dr.  Thomson,  also,  deduces  50  to  be  the  equivalent  of  suc- 
cinic acid. 

Sucdnaie  of  polassa  crystallizes  in  three  sided  prisms.  It 
is  bitter,  very  soluble,  and  deliquescent. 

Succinate  oj^soda  forms  beautiful  transparent  crystals,  which 
have  a  bitter  taste,  are  not  deliquescent,  and  are  less  soluble 
than  the  foregoing  salt. 

Succinate  of  ammonia  does  not  readily  crystallize,  but  may 

*  Useful  directions  for  tbis  process  are  gtTen  by  Robiqaet  and  Colin, 
Ann.  de  Cbiro.  et  Phjs.  iv,  336.    See  ftlso  Ann.  of  Pbil.  xv.  388. 
t  94  Ann.  de  Cbim.  189. 
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be  obtained  in  gmall  needier  which  have  a  sharp  bitter  tatle 
and  may  be  sublimed  without  decomposition.  Its  solution  pre** 
cipitates  peroxide  of  iron  of  a  deep  red  colour.  It  also  throws 
down  baryta  and  mercury ;  and  with  the  oxides  of  lead,  copper, 
and  perhaps  some  other  oxides,  forms  white  precipitates, 
which  are  dissolved  on  adding  a  large  quantity  of  water.  Il 
is  much  employed  as  a  test  of  iron. 

Succmate  of  baryta  is  an  almost  insoluble  compound. 

Succinale  ofslrontia  forma  crystals  as  fine  as  sand,  which 
are  considerably  more  soluble  than  the  last  mentioned  salt, 
and  their  solution  precipitates  barytic  salts. 

Sueomaie  of  magnesia  is  deliquescent  and  not  crystallizable. 

Sucdnaie  qfaltanina  crjrstallizes  in  prisms. 

Succinate  of  manganese  forms  rose  red  crystals,  insoluble  in 
aleobol,  and  requiring  10  times  their  weight  of  water  for  solu* 
tion. 

Succinaie  of  trolly  formed  by  adding  succinate  of  ammonia 
to  the  solution  of  any  salt  containing  peroxide  of  iron,  is  in«- 
soluble  in  water.  In  100  parts  it  contains  58»5  peroxide. 
To  estimate  the  quantity  of  base,  Dr.  Thomson  advises  to 
multiply  the  weight  of  the  precipitate,  dried  as  perfectly  as 
possible  without  decomposing  it,  by  0.444,  which  gives  the 
peroxide  of  iron.  To  estimate  the  acid,  multiply  by  0.555. 
(Ann.  ofPhil.  N.S.ii,  141.) 

Succinate  of  lead,  formed  by  double  decomposition,  consists, 
according  to  Berzelius,  of  S0.9  acid  +  69.1  protoxide,  or  of 
100  acid  +  222  base.  By  digesting  this  compound  in  liquid 
ammonia,  he  obtained  a  sub-succinate  consisting  of  100  acid  + 
^66  base.  In  the  first  salt  we  have  an  atom  of  each  element ; 
in  the  second  1  atom  of  acid  +  3  atoms  of  base. 


SECTION  IX. 

FarinOf  Starch,  or  Fecula. 

Starch  may  be  obtained  from  the  flour  of  most  varieties  of 
grain,  from  the  roots  of  the  potato,  and  from  almost  every 
part  of  vegetables,  by  a  very  simple  process.    The  grain,  in 
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the  state  of  fine  powder*  or  the  root  well  rasped,  ig  to  b^ 
washed  with  a  quantity  of  cold  water,  which  becomes  turbid ; 
and,  if  the  fecula  is  white»  milky*  The  fecula,  however,  is 
not  dissolved,  but  merely  suspended  mechanically ;  an<I,  after 
separating  the  fibrous  and  grosser  parts  by  a  sieve,  it  subsides 
to  the  bottom  of  the  vessel.  The  liquid,  which  contains  the 
soluble  parts  of  the  vegetable,  is  to  be  decanted,  and  the 
farina  to  be  washed  by  repeated  aflPusions  of  cold  water.  It 
may,  afterwards,  be  dried  in  a  gende  heat. 

When  starch  is  prepai*ed  in  tlic  large  way,  the  grain  itself 
is  steeped  in  water,  till  it  becomes  soft,  and  yields  a  milky  fluid 
on  pressure.  It  is  then  put  into  coarse  sacks,  which  are 
strongly  pressed  in  vats  filled  with  water.  The  sacks  are  then 
removed,  and  the  starch  subsides  to  the  bottom.  Being  suf- 
fered to  remain  some  time^  the  supernatant  fluid  ferments,  and 
acetous  acid  is  formed,  which  dissolves  the  impurities,  and 
leaves  only  the  starch.  The  process  is  fully  described  in  the 
29th  vol.  of  the  Phil.  Magazine.  On  drying,  the  starch 
splits  into  columnar  masses  of  a  small  size,  but  forming  prisms 
of  considerable  regularity. 

From  the  analysis  of  Dr.  Pearson*  we  learn  that  100  parts 
of  the  firesh  potato  root,  deprived  of  skin,  afford 

Water 68  to  72 

Meal 32  to  28 

100.     100. 
The  meal  is  composed  of  three  distinct  substances ;  viz. 

Fecula 15  to  17 

Fibrous  matter 8  to    9 

Extract  or  mucilage 5  to    6 

28         32 

Some  useful  information  respecting  the  quantity  of  starch 
in  different  varieties  of  the  potato,  and  the  methods  of  sepa- 
rating it,  has  been  given  by  Mr.  Skrimshirc  in  the  21st  vol. 

*  Repertory  of  Arts,  iii.  383.    The  analysis  of  several  varieties  of  the 
potato  by  Lamp^dius  may  be  seen  in  Thomson's  Annals,  v.  39. 
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of  Nicholson's  Jotirnal.  In  this  root,  according  to  Dr.  Pe»« 
chier,  it  is  accompanied  also  by  sugar.  (Ann.  of  Phil.  xii. 
337.)  The  proportion  of  starch  in  sound  and  unsound  grain, 
and  the  causes  of  unsoundness  in  com  and  flour,  have  been 
ably  investigated  by  Mr.  £.  Davy,  in  a  memoir  published  in 
the  49th  volume  of  the  Philosophical  Magazine^  Of  rice, 
starch  constitutes,  according  to  Braconnot,  from  83  to  85  per 
cent.* 

Common  starch,  though  not  absolutely  free  from  gluten, 
may  be  taken  as  a  fair  example  of  this  substance.  It  will  be 
found  to  have  the  following  qualities  : 

1.  It  is  not  soluble  in  water,  unless  when  heated  to  160°; 
and  if  the  temperature  be  raised  to  180^,  the  solution  coagu- 
lates  into  a  thick  tenacious  transparent  jelly.  By  evaporation 
at  a  low  heat,  this  jelly  shrinks,  and  at  length  forms  a  trans* 
parent  brittle  substance  closely  resembling  gum.  The  solution 
of  starch  in  a  large  quantity  of  water  is  precipitated  by  Gou- 
lard's extract  of  lead ;  but  not  by  any  other  metallic  salt. 
The  watery  solution  of  starch,  when  left  exposed  to  the  air, 
becomes  mouldy  and  sour,  probably  in  consequence  of  the 
production  of  acetic  acid. 

2.  Starch  is  insoluble  in  alcohol  and  in  ether. 

3.  Pure  liquid  alkalis  act  on  starch,  and  convert  it  into  a 
transparent  jelly.  The  alkaline  compound  is  soluble  in  al- 
cohol. It  is  decomposed  by  acids,  and  the  starch  is  recovered. 

4.  Sulphuric  acid  dissolves  starch  slowly ;  sulphurous  acid 
is  evolved;  and  so  much  charcoal  is  disengaged,  that  the 
vessel  may  be  inverted,  without  spilling  its  contents.  Diluted 
sulphuric  acid  has  no  action  on  starch. 

5.  Concentrated  nitric  acid,  at  the  temperature  of  the  at- 
mosphere, acts  on  starch,  and  dissolves  it;  but  no  oxalic 
acid  appears  subsequently,  unless  the  mixture  be  heated. 
Hot  nitric  acid  is  decomposed  by  starch,  and  oxalic  acid  is 
generated. 

6.  A  solution  of  one  part  of  starch  in  90  parts  of  water  is 
not  affected  by  lime  water,  nor  by  strontitic  water,  but  barytic 
water  occasions  a  copious  white  flakey  precipitate,  which  is 


*  Ann.  de  Chim.  et  Phys,  ir.  983. 
VOL*  II.  n 
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redissolved  by  adding  muriatic  acid  in  excess.      Silicated 
potassa  effects  no  change  in  solution  of  starch. 

7.  Starch  is  dissolved  by  a  hot  infusion  of  nut  galls,  but  as  the 
solution  cools,  it  becomes  opake,  and  deposits  a  om*dy  precipi* 
tate,  which  is  again  dissolved  by  a  heat  of  120^  Fahr.  and 
deposited  again  on  cooling.  This  precipitate  is  composed  of 
tan  and  starch,  which  seem  capable  of  uniting  in  several  pro- 
portions. Its  alternate  solution  by  a  temperature  of  120^, 
and  re-appearance  on  cooling,  Dr.  Thomson  considers  as 
characteristic  of  starch.    (System  of  Chemistry,  iv.  71.) 

Starch,  as  it  exists  in  grain,  is  spontaneously  convertible 
into  sugar.  On  this  property  is  founded  the  process  of  malt- 
ing. 

The  grain,  from  which  malt  is  most  commonly  prepared^ 
is  barley.  In  this  grain,  Proust  has  discovered,  beside  the 
ingredients  of  wheat,  a  peculiar  substance,  nearly  resembling 
saw-dust  in  its  external  characters,  to  which  he  has  given  the 
name  of  hordeiru*  This  substance  may  be  separated  from 
starch  by  the  action  of  hot  water,  in  which  it  is  quite  inso- 
luble. During  the  process  of  malting,  its  proportion  is  con- 
siderably diminished,  and  it  appears  to  be  partly  converted 
into  sugar,  or  into  starch,  as  will  appear  from  the  following 
comparative  analysis  of  malted  and  unmalted  barley. 

In  100  parts  In  100  parts 

of  barley.  of  malt. 

Resin 1 1 

Gum 4 15 

Sugar 5 15 

Gluten... 3 1 

Starch 32 5Q 

Hordein !j5 12 

It  appears,  then,  that  the  formation  of  malt  consists  in  the 
increase  of  gum,  sugar,  qnd  starch,  and  the  diminution  of 
gluten  and  hordein.  TIic  starch,  that  remains  after  malting, 
is  found  changed  in  its  properties ;  for  it  does  not  as  before 
yield  a  viscid  paste,  capable  of  gelatinizing  6n  cooling.  The 
process  of  malting  is  not,  however,  essential  to  the  produc- 


*  Ann.  ele  Chim.  et  Phys.  v.  337. 
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lion  of  alcohol  from  grain ;  for  in  the  Scotch  distilleries  it  has 
long  been  common  to  use  a  large  proportion  of  unmalted 
barley ;  and  M.  Clement,  by  direct  comparative  experiments, 
obtained  equal  quantities  of  alcohol  by  fermenting  the  infu- 
sions of  equal  weights  pf  malted  and  of  unmalted  grain. "^ 
As,  however,  the  proportion  of  crude  grain  is  increased,  the 
process  appears  to  become  more  and  more  delicate,  and  the 
production  of  alcohol  is  more  liable  to  be  interrupted  by  the 
acetous  fermentation.  The  practicability  of  converting 
starch  at  once  into  alcohol,  without  passing  through  the  inter- 
mediate state  of  sugar,  is  proved  also  by  the  large  proportion 
of  alcohol  which  may  be  obtained  by  fermenting  potatos, 
225  pounds  of  which  yield  about  S4  pints  of  alcohol,  sp.  gr, 
0.9S5.  (Ann.  de  Chim.  et  Phys.  xiii.  288.)  The  spirit  ob- 
tained from  unmalted  barley  has  a  peculiar  odour,  which  is 
owing  to  its  holding  in  solution  a  yellow  solid  oil,  separable  by 
careful  distillation  f  of  the  alcohol. 

The  loss  of  weight  sustained  by  grain  in  malting,  which 
Proust  states  at  one  third.  Dr.  Thomson  asserts  is  greatly 
over-rated,  and  that  it  did  not,  on  an  average  of  50  processes, 
carried  on  under  his  inspection  upon  a  large  scale,  exceed  one 
fifth.  The  hordein  of  Proust,  he  considers  as  starch  under 
some  modification,  which  is  changed,  by  malting,  partly  into 
true  starch,  and  partly  into  sugar.  :t^ 

Another  method  of  converting  starch  into  sugar  was  dis- 
covered by  M.  KirchofF  of  St.  Petersburg.  The  change  is 
effected  by  the  action  of  diluted  Sulphuric  acid,  when  boiled, 
for  many  hours,  with  starch  and  water.  The  process  has 
been  successfully  repeated  by  several  persons,  and  -among  the 
rest  by  M.  Vogel  §  and  by  Dr.  Tuthill  of  London.  ||  The 
latter  digested  a  pound  and  half  of  potato  starch  (obtained 
from  8|-  pounds  of  potatos)  six  pints  of  distilled  water^  and  a 
quarter  of  an  ounce  by  weight  of  sulphuric  acid,  in  an  earthen 
vessel,  at  a  boiling  heat;  the  mixture  being  frequently  stirred, 
and  kept  at  an  uniform  degree  of  fluidity  by  the  supply  of 

*  Ann.  de  Chim.  et  Pbys.  v,  4i3.  f  Thomson's  Annals,  xii.  35. 

t  Annals  of  Philosophy,  x.  389.  §  Ann.  de  Chim.  1.  B8, 

II  Nicb.  Jour.  vol.  33. 
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fresh  water.  In  Q4t  hours  there  was  an  evident  sweetness^ 
which  increased  till  the  close  of  the  process ;  at  the  end  of  S4 
hours  an  ounce  of  finely  powdered  charcoal  was  added,  and 
the  boiling  kept  up  two  hours  longer.  The  acid  was  then 
carefully  saturated  by  recently  burned  lime ;  and  the  boiling 
continued  for  half  an  hour,  after  which  the  liquor  was  passed 
through  calico,  and  the  substance,  remaining  on  the  drainer, 
washed  repeatedly  with  warm  water.  This,  when  dry,  weighed 
seven  eighths  of  an  ounce,  and  consisted  of  charcoal  and 
sulphate  of  lime.  The  clear  liquor,  being  evaporated  to  the 
consistence  of  syrup,  and  set  aside,  was  in  eight  days  con- 
verted into  a  crystalline  mass,  resembling  common  brown 
sugar  with  a  mixture  of  treacle.  The  saccharine  matter, 
which  Dr.  Tuthill  judged  to  be  intermediate  between  cane 
sugar  and  grape  sugar,  weighed  one  pound  and  a  quarter. 
By  fermenting  one  pound  of  this  substance  in  the  usual  man* 
ner,  and  distilling  and  rectifying  the  product,  fouiteen  drachms 
by  measure  of  proof  spirit  were  obtained. 

The  differences  between  starch  sugar,  and  common  sugar 
from  the  sugar  cane,  have  been  pointed  out  by  Nasse.  Starch 
sugar  assumes  the  form  of  spherical  crystals  like  honey.  It  is 
fiot  so  hard,  nor  so  sweet,  nor  so  soluble  in  water,  as  common 
sugar.  When  it  is  digested  with  an  alkaline  carbonate,  a 
precipitation  of  mucilage  takes  place;  and  the  same  prccipi* 
tation  is  occasioned  from  a  solution  of  starch  sugar  by  muriate 
of  tin.  The  solution  of  starch  sugar  ferments  without  the 
addition  of  yeast,  which  is  not  the  case  with  common  sugar.* 

It  had  been  demonstrated,  by  Professor  de  la  Rive  of 
Geneva,  that  in  the  formation  of  sugar  from  starch,  no  gas  is 
evolved ;  that  the  alteration  of  the  starch  goes  on  in  close 
vessels  without  the  contact  of  air ;  and  that  no  part  of  the 
sulphuric  acid  is  either  decomposed,  or  united  to  the  starch 
as  a  constituent.  These  results  were  afterwards  confirmed  by 
the  experiments  of  M.  Theodore  de  Saussure,t  who  has  fiir- 
ther  shown,  that  the  sugar  which  is  obtained,  exceeds,  by 
about  one  tenth,  the  original  weight  of  the  starch.  He  con- 
cludes, therefore,  that  the  conversion  of  starch  into  sugar  is 

•  Thomson's  Annals,  vii.  47,  f  Ihid.  ti.  4«4. 
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nothing  else  than  the  combination  of  starch  with  water  in  a 
solid  state,  a  conclusion  which  is  strengthened  by  the  results 
of  analyzing  those  two  substances,  viz. 

Carbon.    Oxygen.   Hjdr.    Azote. 
In  starch  were  found  •  •  •  • .  45.39  |  48.31  I  5.90  I  0.40 
In  starch  sugar. 37.29  |  55.87  |  6.84  |  0. 

In  100  parts  of  starch,  the  oxygen  and  hydrogen  are  suffi- 
cient to  form  50.48  parts  of  water,  with  an  excess  of  3.76 
oxygen.  In  starch  sugar,  the  same  principles  exist  in  quan- 
tities sufficient  to  compose  58.44  parts  of  water,  being  an  in- 
crease of  nearly  8,  and  there  is  still  an  excess  of  4.26  parts  of 
oxygen. 

8.  Starch,  by  being  long  kept  in  a  state  of  mixture  with 
water,  either  in  vacuo  or  with  the  aCcess  of  air,  undergoes  a 
series  of  changes  which  have  been  attentively  investigated  by 
Vogel  and  Saussure.  Vogel  found  that  starch  and  water, 
kept  during  four  days  in  ebullition,  became  much  more  fluid, 
and  that  a  liquid  drained  from  it  when  placed  on  a  linen  cloth, 
which  was  mucilaginous  and  bitter,  but  not  in  the  least  degree 
saccharine.  The  residuum  was  insoluble  in  water,  and  re- 
sembled horn.  Saussure  *  left  a  paste  formed  of  starch  and 
12  times  its  weight  of  water  exposed  to  the  air  with  a  wide 
surface  during  two  years.  It  had  then  become  a  grey  liquid, 
covered  with  mould,  free  from  smell,  and  having  no  action 
on  vegetable  blue  colours.  The  starch  had  lost  nearly  one 
foui-th  of  its  weight,  and  the  remainder  was  converted  into 
the  following  substances : 

1.  Sugar,  amounting  to  one  half  of  the  starch. 

2.  Gum,  or  rather  a  substance  resembling  it,  and  ana- 

logous to  what  is  obtained  by  roasting  starch. 

3.  Amyline. 

4.  Starchy  lignin. 

5.  Lignin  mixed  with  charcoal. 

Amyline  (called  amydine  by  Saussure)  is  intermediate  be- 
tween gum  and  starch.     It  is  soluble  in  boiling  water,  and 

"    "  ■    '  —  I         ■■  ■    ■    ^  .     -  .      I  ■»  III     Ml       II      M^^^IP^J^WP^- '    ■ 

•  PJul.Trans.  18J9. 
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the  solution  yields  by  evaporation  a  pale  semitransparent 
brittle  substance,  insoluble  in  alcohol,  but  soluble  in  ten  times 
its  weight  of  cold  water,  and  to  any  amount  in  water  at  144*^. 
The  solution  is  coagulated  into  a  white  paste  by  sub-acetate 
of  lead.  When  treated  with  iodine,  it  assumes  a  blue  colour. 
It  is  precipitated  by  barytic  water,  but  not  by  fixed  alkalis, 
by  lime-water,  nor  by  infusion  of  galls. 

Starchy  lignin. — When  the  residue  of  the  spontaneous  de- 
composition of  starch  has  bee  cessively  with  cold 
and  hot  water,  with  alcohol,  t  Led  sulphuric  acid, 
an  alkaline  ley,  containing  !•<  [it  of  potassa,  still 
takes  up  a  further  portion.  1  ution,  diluted  suU 
phuric  acid  precipitates  a  ligl  ibustible  substance 
having  the  appearance  of  jet.  3lue  colour  to  the 
aqueous  solution  of  iodine,  a  property  which,  together  with  its 
solubility  in  a  weak  alkaline  liquor,  distinguishes  it  from 
common  lignin.  It  is  not  impossible,  however,  that  the  effect 
of  iodine  may  depend  on  the  presence  of  a  small  quantity  of 
starch. 

9.  When  strongly  heated,  starch  becomes  first  yellow,  and 
afterwards  assumes  a  reddish  brown  colour ;  it  softens,  swells, 
and  exhales  a  penetrating  smell.  If  the  process  be  stopped, 
a  substance  is  the  result^  which  is  employed  by  calico-printers 
under  the  name  of  British  gum.  Its  solution  is  not  turned 
blue  by  iodine.  This  substance,  however,  Vauquelin  finds,  is 
not  a  true  mucilage;  for  with  nitric  acid  it  gives  only  oxalic 
acid,  and  no  mucic  acid.'*  Lassaigne,  by  evaporating  its 
aqueous  solution  to  dryness,  obtained  a  brownish  yellow  viscid 
matter.  When  boiling  alcohol  was  digested  with  the  dry 
mass,  a  fawn  coloured  solution  resulted,  and  this,  by  evapora- 
tion, gave  a  residuum  which  was  only  in  part  soluble  by  al- 
cohol. The  insoluble  portion  was  taken  up  by  water ;  and 
the  solution,  on  evaporation,  yielded  a  product  very  similar 
to  the  gum  which  exudes  from  some  trees,  at  the  period  when 
they  ripen  their  fruit.     Even  this  gummy  matter^  however, 

*  80  Ann.  de  Chim.  317.  See  also  Annals  of  Phil.  v.  38,  xvi.  87,  and 
Ann.  de  Chim.  zc.  29. 
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gave  only  oxalic  acid,  without  a  trace  of  mucic  or  lactic 
acid,  and  differed  therefore  from  true  gum. 

10.  Starch,  distilled  in  close  vessels  at  a  high  temperature, 
yields  an  acid^  which  has  been  called  the  pyromucous,  but 
which,  in  fact,  is  nothing  more  than  vinegar  holding  an  empy- 
reumatic  oil  in  solution. 

11.  When  four  parts  of  starch,  and  one  of  finely  powdered 
Prussian  blue,  are  intimately  mixed,  and  then  boiled  in  a  con- 
siderable quantity  "  "  id  is  obtained  which,  if 
heated  with  a  solut  iron,  mixed  with  an  equal 
volume  of  solution  a  very  fine  prussian  blue. 
The  starch  by  this  >ars  to  be  changed  in  its 
nature,  and  convei  feet  kind  of  gum,  (Ann. 
of  Phil^x^  69.) 

12.  iMron  stare  triturated  together,  both 
in  a  dry  state,  the  violet  tint,  which  passes 
to  blue  or  to  black,  according  to  the  proportions  that  are  em- 
ployed. The  colour  of  this  iodurety  or  iodide  of  starchy  is  red- 
dish, if  the  starch  be  in  excess ;  a  beautiful  blue,  when  the 
two  bodies  are  ii||lue  proportion ;  and  black,  when  the  iodine 
prevails.  This  compound  is  soluble  in  diluted  sulphuric  acid, 
and  the  liquor  is  of  a  fine  blue  colour.  Concentrated  sul- 
phuric acid,  also,  dissolves  it,  and  the  solution  is  brown,  but 
passes  to  a  beautiful  blue  on  the  addition  of  water.  There  is 
also  a  sub'ioduret  of  starch,  which  is  white,  but  becomes  blue 
by  the  action  of  almost  any  acid.* 

Starch  from  wheat  has  been  analyzed  by  Gay  Lussac  and 
Thenard,  and  that  from  potatos  by  Berzelius,  and  the  near 
coincidence  of  their  results,  obtained  by  difl^erent  methods^  is 
a  strong  presumption  in  favour  of  their  accuracy,  as  well  as 
of  the  uniformity  of  this  substance,  from  whatsoever  source  it 
may  be  obtained.     Starch  consists. 

Carbon.       Oxygen.     Hydrogen. 
According  to  Gay  Lussac,  of..  43.55   ..  49.68    ..  6.77 
Berzelius,    . .  of . .  43.481 . .  48.455 . .  7.064 

.     Dr.  Ure  found  starch  to  consist  of  38.55  carbon,  +  6.13 
*  Colin  and  Gaulder  de  Claobry.     90  Ann.  de  Chim.  100. 
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bydrogeo,  +  55.52  oxygen ;  bat  as  he  acknowledges  that  the 
starch  submitted  to  his  experiments  had  not  been  chemically 
dried,  it  is  probable  that  they  indicate  too  little  carbon  and 
too  much  oxygen. 

The  equivalent  of  starch,  if  deduced  from  its  ultimate  ana- 
lysis, would  approach  very  closely  to  that  of  sugar.  It  is  pro- 
bable, indeed,  that  in  this,  as  well  as  in  other  instances  of  ve- 
getable compounds,  the  difference  consists  merely  in  the 
manner  in  which  the  €  nged ;  a  view  of 

the  subject  with  whici  i  into  sugar,  by 

processes  not  attendee  ly  gaseous  pro- 

ducts, is  perfectly  con  gated  the  equi- 

valent of  starch,  by  e  >n  of  the  inso- 

luble amylate  of  lead^  tnoKolution  of 

potato  starch  with  on<  (A^fcof  Phil. 

v.  272.)     This  he  fou;  ^  af  starch  4-  28 

of  oxide  of  lead;  and,  reasoning  from  its  composition^  he  in- 
fers that  starch  must  be  constituted,  either  of  6  atoms  of 
oxygen  +  7  of  carbon  +  18  of  hydrogen,  or  of  18  atoms  of 
oxygen  +  21  of  carbon  -f  89  of  hydrogen^  In  this  case,  the 
same  agreement  does  not  exist  between  the  number  deducible 
from  ultimate  analysis  and  from  a  compound  of  the  entire  sub- 
stance with  oxide  of  lead,  as  in  the  instance  of  sugar ;  for  the 
equivalent,  most  consistent  with  the  first  supposition,  would  be 
not  less  than  108;  whereas  that  for  sugar  is  only  81.  In  this, 
as  in  various  other  cases,  where  the  constitution  of  organic 
substances  is  concerned,  it  is  better  to  wait  for  the  further 
progress  of  science,  than  to  rest  satisfied  with  equivalent 
numbers,  which  are  not  supported  by  the  concurrence  of  dif- 
ferent methods  of  investigation. 

Beside  the  starch  of  the  cerealia  and  of  potatos,  the  follow- 
ing varieties  of  this  substance  are  also  met  with. 

Indian  arrow  root  is  obtained  from  the  roots  of  the  Maranta 
>4n^72£it;zace£r,L,  a  plant  cultivated  in  the  West  Indies.  Theroots, 
first  well  washed,  are  beaten  in  large  and  deep  wooden  mor- 
tars to  a  pulp.  This  is  thrown  into  a  tub  full  of  clean  water, 
where  it  is  well  worked  with  the  hands,  and  the  fibrous  parts 
are  wrung  out  and  thrown  away.  The  milky  liquor  is  passed 
through  a  hair  sieve  and  allowed  to  settlci  and  the  clear  liquor 
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drained  off.  The  powder  at  the  bottom  of  the  venel  is  again 
repeatedly  washed,  and  then  dried  in  the  sun. 

Sago  is  prepared  from  the  pith  of  a  palm-tree  {Cycos  ot'^ 
cinaliSi  L,)  which  grows  spontaneously  in  the  East  Indies. 
The  pith  is  scooped  out,  diluted  with  water,  and  passed  through 
a  straining  bag,  which  detains  only  the  fibrous  matter.  The 
sago  is  allowed  to  settle*  and  when  partly  dry  is  granulated 
by  forcing  it  through  apertures  of  the  proper  size.  Its  colour 
is  occasioned  by  the  heat  used  in  drying  it. 

Cassava  and  Tapfo^^^Murepared  from  the  roots  of  the 
Jalropha  Manihat^  a^^^^Bmon  in  South  America.  By 
pressure,  a  juice  of  f^^^^Kjuality  flows  out;  yet  the  sedi- 
ment from  it,  called,  w^^^ell  washed  and  dried,  Cassavaf 
is  perfecdv innocent;  sy^nsmade  into  a  nutritious  bread.  Ta- 
pioca iri^e  same  subs^ce,  under  a  different  form,  which  it 
assumes  in  drying. 

Salopi  or  Saloopf  is  the  farina  obtained  from  several  species 
of  OrchiSf  especially  the  O.  Masaila.  It  is  extracted  by  pro- 
cesses similar  to  those  which  have  already  been  described. 


SECTION  X. 

Gluten. 

Gluten  may  be  obtained  from  wheat*flour,  by  a  very  simple 
process.  The  flour  is  first  to  be  formed,  by  the  gradual  addi- 
tion of  a  small  quantity  of  water,  into  a  soft  and  ductile  paste. 
This  is  to  be  washed  by  a  very  slender  stream  of  water,  and^ 
at  the  same  time,  to  be  constantly  worked  between  the  fingers. 
The  water  carries  off  the  starch,  and  for  some  time  is  rendered 
milky.  When  it  passes  off  transparent,  the  washing  may  be 
discontinued ;  and  the  pure  gluten  remains  in  the  hands. 

The  following  are  the  properties  of  gluten : 

1.  It  is  of  a  grey  colour,  of  a  fibrous  structure,  and  has  so 
much  elasticity,  that  when  drawn  out  to  several  times  its 
length,  it  recovers  itself  like  elastic  gum.  It  has  scarcely  any 
taste,  and  does  not  melt  or  lose  its  tenacity  in  the  mouth. 

2.  When  exposed  to  a  gentle  heat,  it  dries  very  slowly^  and 
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becomes  hard,  brittle,  semi-transparent,  of  a  dark  brown  colour, 
and  somewhat  like  glue.  When  broken  it  has  the  fracture  of 
glass.     In  this  state  it  is  insoluble  in  water. 

5.  When  kept  moist,  it  ferments  and  undergoes  a  sort  of 
putre&ction,  emitting  a  very  offensive  odour.  At  the  some 
time  a  portion  of  acid  is  developed,  which  is  perceivable  by 
its  smell,  and  which  considerably  retards  the  putrefaction  of 
the  gluten.  .  In  this  circumstance,  chiefly,  it  differs  from  ani- 
mal gluten  or  fibrin. 

4.  When  suddenly  heated,^||^|t  shrinks;  then  melts, 
blackens,  and  emits  a  smell  li^^^^Bf  burning  horn.  By 
distillation  in  close  vessels,  ^^^^^m  portion  of  water  im- 
pregnated with  carbonate  of  aifl^Hn ;  a  considerable  quan- 
tity of  brown  fetid  thick  oil ;  solid  nl^carbonate  of  ammonia ; 
and  carbureted  hydrogen  gas.  Tbes^roducts  resemble^  very 
closely,  those  of  animal  substances,  especially  in  the  large 
quantity  of  azote  which  they  indicate  as  entering  into  its  com- 
position. It  has  not,  however,  been  yet  analyzed  with  a  view 
to  the  proportions  of  its  ultimate  elements. 

5.  It  is  generally  described  to  be  insoluble  in  water,  in 
alcohol,  and  in  ether.  After  fermentation,  it  is  partially 
soluble  in  alcohol,  and  the  solution  may  be  applied  to  the 
purposes  of  varnish.  From  the  experiments  of  Dr.  Bostock, 
gluten  appears,  however,  by  long  digestion,  to  be  partly 
soluble  in  water.  The  solution  is  precipitated  by  acetate  and 
sub-acetate  of  lead,  by  muriate  of  tin,  and  by  other  re- 
agents.* 

6.  All  acids  dissolve  gluten,  and  alkalis  precipitate  it,  but 
considerably  changed,  and  deprived  of  its  elasticity.  It  under- 
goes a  similar  change  when  dissolved  in  pure  alkalis,  and 
precipitated  by  acids. 

Gluten  exists  most  abundantly  in  wheat-flour,  of  which  it 
constitutes  about  one  fourth,  and  is  essential  to  its  soundness; 
but  it  is  found,  also,  in  various  vegetable  juices.t  Sir  H. 
Davy  discovered  a 'larger  proportion  of  gluten   in  North 

*  Nicholson's  Journal,  xviii.  34. 

t  See  Proust  on  the  Green  Fecula  of  Vegetables,  Nicholson's  Jooma), 
8vo.  iv.  373. 
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American  wheat,  than  in  the  wheat  of  this  country ;  and  in 
general  found  it  more  abundant  in'  the  wheat  of  warm  cli- 
mates. (El.  of  Agric.  Chem.  p.  141.)  It  is  in  consequence 
of  its  abounding  in  this  principle,  that  the  wheat  of  the  South 
of  Europe  is  peculiarly  fitted  for  making  macaroni  and  other 
glutinous  preparations.  The  grain  containing  most  gluten  is 
distinguished  by  its  hardness  and  great  specific  gravity.  Of 
particular  grains,  Sir  H.  D»vy  ascertained  the  composition  of 
the  following.     He  found 

Starch.      Gluten. 
100  parts  of  good  full-grained  wheat  \ 

sown  in  Autumn  to  afford / 

100  parts  of  wheat  sown  in  Spring  ....  70 ... .  24 

100  parts  of  Barbary  wheat 74 ... .  23 

100  parts  of  Sicilian  wheat   75  ...  •  21 

100  parts  of  full  and  fair  Norfolk  barley  79  .* . . .     6 
100  parts  of  Suffolk  rye 6 . . . .     5 

GUadine  and  Zimorne, 

From  the  experiments  of  M.  Taddei,  an  Italian  Chemist,  it 
appears  tliat  the  gluten  of  wheat  may  be  decomposed  into  two 
principles,  one  of  which  he  has  distinguished  by  the  name 
of  Gliadine  (from  yXio,  gluten),  the  other  o(Zimome  (from  (i/fiij, 
a  ferment.)  To  separate  them,  fresh  gluten  must  Ire  kneaded 
with  repeated  portions  of  alcohol,  as  long  as  that  fluid  becomes 
milky  by  dilution  with  water.  The  alcohol  dissolves  the 
gliadine  and  leaves  the  zimome. 

By  evaporating  the  alcoholic  solution,  gliadine  is  obtained, 
forming  a  brittle,  straw-yellow,  slightly  transparent  substance, 
with  a  weak  smell  resembling  that  of  the  honejxomb,  and, 
when  gently  heated,  emitting  an  odour  similar  to  that  of 
boiled  apples.  In  the  mouth  it  becomes  adhesive^  and  has  a 
sweetish  and  balsamic  taste.  It  is  pretty  soluble  in  boiling 
alcohol,  but  the  greater  part  precipitates  as  the  alcohol  cools. 
It  softens,  but  does  not  dissolve  in  cold  water.  Its  alcoholic 
solution  becomes  milky  on  adding  water,  and  is  precipitated^ 
in  white  flocks,  by  alkaline  carbonates.  Dry  gliadine  dis- 
solves in  caustic  alkalis  and  acids.    It  swells  on  burning  coals, 
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and  then  contracts  like  animal  matter.  It  bums  with  a  bright 
flame,  and  leaves  a  portion  of  charcoal  which  is  difficult  to 
be  incinerated. 

Zimome  is  obtained  pure  by  boiling  gluten  in  alcohol,  or  by 
digesting  it  in  that  fluid  till  it  ceases  to  give  out  gliadine. 
There  remains  a  shapeless  mass,  which  is  hard,  tough,  desti- 
tute of  cohesion,  and  of  an  ash-white  colour.  After  being 
washed  with  water,  it  recovers  part  of  its  viscosity ;  and  be- 
comes brown  when  left  in  contact  with  air.  It  if  speciflcally 
heavier  than  water.  It  does  not  ferment  like  gluten,  but  pu- 
trefies, exhaling  a  foetid  urinous  odour.  At  a  boiling  tempe- 
rature, it  is  soluble  in  vin^ar  and  in  the  mineral  acids.  It 
combines  with  potassa,  and  forms  a  kind  of  soap.  Lime 
water,  and  solutions  of  alkaline  carbonates,  harden  it,  and 
give-  it  a  new  appearance.  It  inflames  when  thrown  on 
red  hot  coals,  and  emits  an  odour  similar  to  that  of  burning 
hair  or  hoofs.     (Ann.  of  Phil.  xv.  390,  xvi.  88.) 

M.  Taddei  has  since  discovered  that  powdercfd  guaiacum  is 
a  test  of  the  presence  of  zipome.  When  well  kneaded  with 
good  wheat  flour  and  a  little  water,  the  guaiacum  becomes  of  a 
very  fine  blue  colour.  Starch  does  not  evolve  this  colour^ 
and  bad  flour  in  only  a  very  small  degree.  But  when  guaia- 
cum is  worked  up  with  gluten,  and,  still  better  with  pure 
zimome,  the  colour  instantly  appears,  and  is  a  most  superb 
blue.  Guaiacum,  however,  does  not  become  at  all  coloured 
by  zimome,  unless  the  contact  of  oxygen  be  allowed.  The 
powder  of  guaiacum  is,  therefore,  a  re-agent,  capable  of  de- 
tecting the  injurious  alteration  which  flour  sometimes  under- 
goes by  the  spontaneous  destruction  of  its  gluten^  and  also  of 
ascertaining  in  a  general  way  the  proportion  of  that  principle. 
(Quarterly  Journal,  viii.  377.) 

Another  ingredient,  which  was  long  supposed  to  be  peculiar 
to  animal  products,  viz.  albumen,  has  been  discovered  in  the 
emulsive  seeds.  In  the  almond,  for  instance,  30  per  cent, 
have  been  found,  of  a  substance  precisely  resembling  animal 
curd.* 

*  Thomson's  Annuls;  xii.  39. 
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SECTION  XL 

Caouichoucj  or  Elastic  Gum. 

Caoutchouc  is  chiefly  the  product  of  two  trees,  which  are 
the  growth  of  Brazil ;  the  Hoevea  Caoutchouc  and  Jatropha 
Elastica.  When  the  bark  of  these  trees  is  wounded,  a  white 
milky  juice  flows  out,  which  speedily  concretes  in  the  air  into 
an  elastic  substance ;  and,  when  the  juice  is  applied  in  succes- 
sive coats,  upon  clay  moulds,  it  forms  the  globular  bottles,  . 
which  are  brought  to  this  country.  By  an  immediate  and 
careful  seclusion  from  air,  the  juice  may  be  preserved  some 
time  from  concreting,  and  has  occasionally  been  brought  to 
Europe  in  a  liquid  state.  But  even  when  thus  preserved,  a 
part  of  it,  in  the  course  of  time,  passes  to  a  solid  form.  If 
it  could  easily  be  imported  in  a  fluid  state,  it  would  be  in- 
valuable, from  its  application  to  the  rendering  cloth,  leather, 
and  other  substances  impervious  to  water. 

1 .  Caoutchouc  is  inflammable,  burning  with  a  bright  flame 
in  atmospherical  air,  and  with  still  greater  brilliancy  in  oxy- 
gen gas,  or  in  chlorine  gas. 

2.  Caoutchouc  fuses  at  a  heat  which  is  not  much  below 
that  required  for  melting  lead.  In  this  state,  Mr.  A.  Aikin 
finds  that  it  may  be  brushed  over  iron  or  steel  instruments, 
and  that  it  forms  a  transparent  coating  which  effectually  pre- 
serves them  from  rust.  The  best  method  of  melting  it  for 
this  purpose  is  in  a  kind  of  copper  flask,  containing  a  hori- 
zontal stirrer  or  agitator,  which  is  kept  in  motion  by  a  handle 
rising  above  the  flask.     (GilFs  Technical  Repository,  i.  54*.) 

3.  It  is  insoluble  in  water  and  in  alcohol.  If  long  slips  of 
caoutchouc,  however,  are  tied  spirally  round  a  glass  or  metal 
rod,  and  boiled  for  an  hour  or  two,  the  edges  cohere,  and  a 
hollow  tube  is  formed. 

4.  Caoutchouc  is  soluble  in  ether;  not,  however,  in  the 
ordinary  state  of  this  fluid  as  it  is  found  in  the  shops.  To 
render  ether  a  fit  solvent  of  this  substance,  it  should  be  pu- 
rified by  washing  it  with  water,  in  the  manner  to  be  hereafter 
described.    The  solution  may  be  applied  to  the  purpose  of 
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forming  tubes  or  vessels  of  any  shape.  The  principal  diffi- 
culty in  using  it  arises  from  the  great  volatility  of  the  ether, 
in  consequence  of  which  tlie  brushes,  or  other  instruments, 
by  which  it  is  applied,  are  soon  clogged  up,  and  rendered 
useless. 

5.  Caoutchouc  is  soluble  in  volatile  oils;  but  when  they 
have  evaporated^  they  leave  it  in  a  glutinous  state,  and  de- 
prived of  much  of  its  elasticity.  In  rectified  naphtha,  it  swells 
to  more  than  SO  times  its  bulk,  and  becomes  gelatinous  and 
transparent,  but  scarcely  dissolves.  It  is  thus,  however,  ren- 
dered capable  of  being  moulded  into  tubes.  (Ann.  of  Phil, 
xii.  112.)  Petroleum  dissolves  it,  and^  when  evaporated, 
leaves  it  unchanged.  One  of  the  most  useful  solvents,  how* 
ever,  of  caoutchouc,  appears  to  be  the  cajeput  oil,  a  substance 
lately  admitted  into  the  Pharmacopoeia  of  the  London  College 
of  Physicians.  A  thick  and  glutinous  solution  is  obtained, 
from  which  alcohol  detaches  *  the  essential  oil.  The  caout- 
chouc floats  on  the  surface  in  a  semi-fluid  state,  but  soon 
hardens,  and  regains  its  elastic  powere  on  exposure  to  tlie 
atmosphere.  To  this  process,  the  chief  objection  is  the  ex- 
pensiveness  of  the  solvent. 

6«  Caoutchouc  is  acted  on  by  alkalis;  and,  when  steeped 
in  them  for  some  time,  loses  its  elasticity. 

7.  The  sulphuric  acid  is  decomposed  by  it;  sulphurous  acid 
is  disengaged;  and  charcoal  remains.  Nitric  acid  acts  on  it 
with  the  assistance  of  heat,  nitrous  gas  is  formed ;  and  oxalic 
acid  crystallizes  from  the  residuum. 

8.  When  distilled,  it  gives  ammonia,  and  hence  may  be  in- 
ferred to  contain  azote.  A  large  quantity  of  olefiaut  gas  and 
of  very  dense  carbureted  hydrogen,  which  burns  with  a  re- 
markably bright  flame,  are  at  the  same  time  evolved* 

Caoutchouc,  from  the  analysis  of  Dr.  Ure  (Phil.  Trans. 
1822),  appears  to  consist  of 

Carbon 90.00 3  atoms ....  18 

Oxygen 0.88 0  atom  .... 

Hydrogen 9.12 2  atoms  •  •  • .     2 

100.  20 
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The  oxygen  found  by  analysb  is  in  too  small  quantity  to  be 
considered  as  essential ;  and  we  may  therefore  consider  caout* 
chouc  as  a  sesqui-carbureted  hydrogen. 


SECTION  XIL 
The  JVoody  Fibre, — Lignin. 

After  removing  all  the  soluble  parts  of  wood,  first  by  long 
boiling  in  water,  and  then  by  digestion  in  alcohol,  a  fibrous 
substance  is  obtaine<1,  to  which,  by  some  chemists,  the  name 
of  Lignin  has  been  given.  From  whatever  variety  of  wood 
it  may  have  been  procured,  its  properties  appear  to  be  uni- 
formly the  same. 

]  •  It  is  perfectly  destitute  of  taste,  smell,  and  colour.  In 
specific  gravity,  it  is  generally  inferior  to  water. 

2.  It  is  insoluble  in  water,  at  all  temperatures. 

3.  The  pure  fixed  alkalis  act  on  the  woody  fibre,  and 
render  it  soil,  and  of  a  brown  colour.  If  equal  weights  of 
caustic  potassa  and  sawings  of  wood  arc  heated  in  a  silver  or 
iron  crucible,  stirring  constantly,  the  wood  softens  and  dissolves 
completely.  Water,  poured  upon  the  product  when  cold,  dis- 
solves the  whole  of  it,  and  the  addition  of  an  acid,  in  such 
quantity  as  barely  to  neutralize  the  alkali,  precipitates  a  sub- 
stance analogous  to  ulmin.     (Ann.  of  Phil.  xvi.  92.) 

4.  Concentrated  sulphuric  acid  immediately  blackens  lignin, 
and,  afler  sufficient  digestion,  converts  it  into  charcoal.  When 
dried  sawings  of  honibcam  are  mixed  and  agitated  with  sul- 
phuric acid,  and  water  is  then  added,  a  black  powder  falls ; 
and  the  liquid,  after  being  saturated  with  carbonate  of  lime 

.  and  filtered,  yields,  by  evaporation,  a  gum  in  several  respects 
analogous  to  gum  arabic.    (Braconnot,  Ann.  of  Phil.  xvi.  90.) 

5.  Nitric  acid  decomposes  lignin  with  the  assistance  of  heat, 
and  oxalic,  malic,  and  acetic  acids  are  formed. 

6.  When  exposed  to  heat,  lignin  affords  an  acid  called  the 
pyroligneouSj  which  has  been  proved  to  be  identical  with  the 
acetous.  This  acid  holds  in  combination  a  quantity  of  essen- 
tial oil,  from  which  it  may,  by  complicated  processes,  be  en» 
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tirely  freed,  and,  also,  a  small  proportion  of  ammonia.  From 
the  last  mentioned  product,  it  would  appear  that  the  woody 
fibre  contains  nitrogen*  The  pyroligneous  acid  in  its  crude 
state  has  been  shown  to  be  powerfully  antiseptic,  and  advan- 
tageously applicable  to  the  preservation  of  animal  food» 
(Edin.  Phil.  Joum.  iii.  21.)  The  charcoal,  which  remains  in 
the  retort,  is  greatly  superior  to  that  procured  by  the  ordinary 
process ;  and  hence  distillation  in  iron  cylinders  has  been,  for 
some  time  past,  practised  as  the  best  method  of  obtaining 
charcoal  for  the  manufacture  of  gunpowder. 

7.  The  woody  fibre,  by  exposure  to  the  atmosphere  in  a 
perfectly  dry  state,  does  not  undergo  any  change.  The  action 
of  the  air  upon  it,  however,  when  moistened,  causes  it  to 
pass  through  various  shades  of  colour,  into  a  black  mould.  If 
the  process  be  carried  on  in  a  confined  portion  of  oxygen  gas5 
carbonic  acid  is  formed.  When  excluded  from  the  air,  even 
moist  wood  shows  very  little  tendency  to  decomposition. 

Gay  Lussac  and  Thenard  have  analysed  the  wood  of  oak 
and  beech,  by  combustion  with  chlorate  of  potassa.  The 
wood  was  taken  from  the  most  compact  part  of  a  log,  reduced 
to  fine  powder  by  a  file ;  then  siHed  and  washed  in  succession 
with  water  and  alcohol ;  and  finally  dried,  before  its  admix-* 
tnre  with  the  chlorate. 


Cwbon. 

Oxjgcn. 

Hjdrogen< 

100  parts  of  Oak  contain    .52.53 

•  •..  41.78 

•  •  •  •  5.69 

Beech  51.45 

. .  •  •  42.73 

....  5.82 

In  both,  the  oxygen  and  hydrogen  are  in  the  proportions 
required  to  form  water,  and  there  is  no  excess  of  oxygen  to 
acidify  any  part  of  the  carbon.  The  atomic  constitution  of 
lignin,  which  agrees  most  nearly  with  the  results  of  its  ultimate 
analysis,  is  the  following  : 

Carbon 7  atoms  • .  42   53.86 

Oxygen 4  ditto    . .  32    41.02 

Hydrogen 4  ditto    ..     4    5.12 

78  loa 
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If  deprived,  therefore,  of  1  atom  of  water  and  S  atoms  of 
carbon,  the  other  elements  of  lignin  should  be  convertible  into 
acetic  acid. 


SECTION  XIII. 
Colouring  Matter, 

I.  The  colouring  matter  of  vegetables  presents  a  consider- 
able variety  in  its  relation  to  chemical  agents,  depending  on 
the  diversity  of  the  basi«^  or  sub-stratum,  in  which  it  resides. 
Chaptal  has  arranged  the  varieties  of  the  colouring  principle 
under  four  heads.  1st.  As  it  is  attached  to  extractive  matter : 
2d,  As  It  resides  in  gum ;  in  both  which  cases  it  is  soluble  in 
water :  ^d.  As  it  exists  in  farina,  or  a  substance  analogous  to 
it ;  and  in  this  instance  it  dissolves  most  readily  in  sulphuric 
acid:  4th,  The  colouring  principle  is  occasionally  inherent 
in  resin,  and  then  it  requires  alcohol,  an  oil,  or  an  alkali,  for 
solution. 

II.  The  extraction  of  colouring  matter  from  the  various 
substances  that  afford  it,  and  its  fixation  on  wool,  silk,  or 
cotton,  constitute  the  art  of  dyeing;  the  details  of  which 
would  be  foreign  to  the  purpose  of  this  work.  In  this  place 
I  shall  state  only  a  few  general  principles ;  and  refer  for  more 
minute  information  to  a  paper  by  Mr.  Henry  in  the  third 
volume  of  the  Manchester  Memoirs  ;  to  the  works  of  Berthollet 
and  Bancroft ;  and  to  a  memoir  of  Thenard  and  Hoard,  in 
the  74th  volume  of  Annales  dc  Chimie. 

Before  attempting  to  fix  colouring  matter  on  cloth  by  the 
operations  cither  of  dyeing  or  printing,  it  is  essential  that  the 
linen  and  cotton  should  first  be  completely  cleared  from  every 
thing  that  can  prevent  the  fixation  of  the  colour,  or  the  sub- 
sequent exhibition  of  its  full  effect.  This  is  accomplished  by 
the  operation  of  bleaching,  .  the  general  outline  of  which  is 
extremely  simple.  The  cloth  is  first  steeped  in  warm  water 
to  remove  the  sowens  or  weavers'  dressing.  It  is  next  boiled 
or  howked  with  a  solution  of  potassa,  which  is  most  economi- 
cally applied  in  a  caustic  state,  care  being  taken  to  use  it  so 

VOL.  II.  s 
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much  diluted  with  water^  as  not  to  destroy  the  texture  of  the 
cloth.  The  goods,  previously  wetted  with  water,  are  laid  in  a 
large  wooden  vat  or  bowking  keiry  and  the  boiling  alkaline  ley 
is  thrown,  by  a  pump,  over  the  surface  of  the  goods,  through 
which  it  penetrates,  and,  running  out  at  the  bottom,  is  return- 
ed to  the  pan  and  again  heated.  The  cloth  is  then  thoroughly 
washed,  and  is  next  steeped  in  a  very  weak  solution  of  cliIo« 
ride  of  lime,  or  exposed,  on  the  grass,  to  the  action  of  the 
light  and  air ;  then  washed,  and  again  bowked ;  and  these 
operations  are  alternated  as  often  as  is  necessary.  It  is  next 
immersed  in  sulphuric  acid,  diluted  with  a  large  quantity  of 
water  to  prevent  it  from  injuring  the  texture  of  the  cloth,  and 
finally  washed  and  dried.  A  pure  white  ground  is  thus  ob- 
tained, on  which  the  colours  are  afterwards  displayed  to  the 
greatest  advantage. 

III.  Of  the  various  colouring  substances,  used  in  the  art 
of  dyeing,  some  are  capable  of  being  permanently  attached  to 
the  dyed  fabric,  and  fully  communicating  their  colour  to  it, 
without  the  intervention  of  any  other  substance;  while  others 
leave  a  mere  stain,  removeable  by  washing  with  water.  The 
latter  class,  however,  may  be  durably  attached  by  the  media- 
tion of  what  was  formerly  called  a  mordaunty  but  has  since  been 
more  properly  termed,  by  the  late  Mr.  Henry,  a  lashl  The 
colours,  which  are  of  themselves  permanent,  have  been  term- 
ed, by  Dr.  Bancroft,  substantive  colours  ;  while  those  that  re- 
quire a  basis,  have  been  denominated  adjective  colours. 

IV.  The  most  important  bases,  by  the  mediation  of  which 
colouring  matter  is  united  with  wool  or  cotton,  are  alumina, 
the  oxide  of  iron,  and  the  oxide  of  tin.  Alumina  and  oxide 
of  iron  are  applied  in  combination  with  sulphuric,  or  acetic 
acids ;  and  the  oxide  of  tin,  united  with  nitro-muriatic,  mu- 
riatic, acetic,  or  tartaric  acids.  In  dyeing,  the  most  common 
method  is  to  pass  the  substance  to  be  dyed  through  a  decoc- 
tion of  the  colouring  matter,  and  afterwards  through  a  solu- 
tion of  the  basis.  The  colouring  principle  thus  becomes  per- 
manently fixed  on  the  cloth,  sometimes  considerably  changed 
by  iU  union  with  the  basis.  In  calico-printing,  the  basis, 
thickened  with  gum  or  flour  paste,  is  applied  to  the  cloth  by 
wooden  blocks^  or  copper  cylinders.    The  cloth  is  then  dried, 
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and  passed  througfa  a  decoction  of  the  colouring  ingredient, 
which  adheres  only  to  that  part  of  the  cloth  where  the  basis 
has  been  applied.  From  the  rest  of  the  cloth  it  may  be  re- 
moved by  simple  washing  with  water. 

V.  The  variety  of  colours,  observed  in  dyed  substances, 
are  reducible  to  four  simple  ones,  viz.  blue,  redt  yellow,  and 
black. 

1.  Indigo  is  the  only  substance  used  in  dyeing  blue,  which 
it  does  without  the  intervention  of  a  basis.  It  is  the  produc- 
tion, chiefly,  of  several  varieties  of  the  plant  called  Indigofera, 
a  native  of  America  and  of  the  East  and  West  Indies.  The 
plant,  after  being  cut  a  little  while  before  the  time  of  flower- 
ing, is  steeped  with  water  in  large  vats,  where  it  undergoes 
fermentation.  During  this  process,  a  fine  pulverulent  pulp 
separates,  which  is  at  first  green,  but  becomes  blue  by  expo- 
sure to  the  atmosphere.  The  operations,  by  which  indigo  is 
separated  and  collected,  are  rather  complicated,  and  cannot 
be  described  without  considerable  minuteness  of  detail.  A 
good  account  of  them  may  be  seen  in  Messrs.  Aikins'  Che- 
mical Dictionary.  In  this  country,  indigo  has  been  extracted 
from  the  isatis  tincioria,  or  wood,  a  plant  of  indigenous  growth, 
by  a  fermentation,  similar  to  that  used  when  it  is  procured 
from  the  indigo/era.  Chevreul,  also,  by  digesting  woad  in 
alcohol,  and  evaporating  the  solution,  obtained  white  crystal- 
line grains,  which  gradually  became  blue  when  exposed  to  the 
atmosphere.  He  considers  them  as  indigo  destitute  of  oxygen. 

Indigo  is  a  light  friable  substance  of  a  deep  blue  colour 
with  sometimes  a  shade  of  violet  or  copper.  The  lightest  as 
to  weight  is  generally  regarded  as  the  best.  It  has  been  sup- 
posed to  be  a  variety  of  starch  or  fecula,  but  it  difiers  from 
that  principle  in  several  important  particulars.  Indigo  is  vo« 
ktile,  and  may  be  in  part  sublimed  at  a  temperature  a  little 
below  that  which  is  required  for  its  decomposition.*  Water, 
by  being  boiled  on  it,  dissolves  only  about  a  ninth  or  a  twelfth 
the  weight  of  the  indigo.  The  colouring  matter,  however, 
remains  untouched ;  and  the  solution,  which  appears  to  con* 


•  Gay  Luuac,  74  Ann.  de  Chira.  191. 
S  2 
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sbt  chiefly  of  extract,  has  a  reddish  brown  hue.  The  indigo 
of  commerce  is  never  pure,  but  contains  variable  proportions 
of  foreign  matter,  amounting  generally  to  above  half  its  weight. 
Bergman,  in  100  parts,  found 

Pure  indigo 47 

Gum 12 

Resins   6 

Earths   22 

Oxide  of  iron   IS 

100 
The  earthy  matter  consisted  of  baryta  and  lime  in  equal 
weights,  with  silica  in  the  proportion  of  l*10th  of  the  whole 
earths. 

ChevreiU,  by  acting  in  succession  upon  Guatimala  indigo, 
first  with  water,  then  with  alcohol,  and  finally  with  mu- 
riatic acid,  found  its  composition  to  be  still  more  complicated. 
The  yellow  solution,  obtained  by  hot  water,  let  fall  a  greenish 
matter  becoming  blue  on  exposure  to  the  air,  and  thus  ac- 
quiring the  properties  of  indigo.  After  this  had  ceased,  green 
flocks  formed  and  subsided,  to  which  Chevreul  gave  the  name 
of  green  matter.  It  is  soluble  in  alkalis,  and  in  alcohol,  but  is 
not  convertible  into  indigo  by  exposure  to  air.  From  the 
indigo  on  which  water  had  ceosed  to  act,  alcohol  dissolved  a 
further  portion,  the  greater  part  of  which  was  the  green  mat* 
ter,  already  described,  with  a  red  matter^  difiering  only  in  co- 
lour, but  possessing  similar  chemical  characters.  Lastly,  mu* 
riatic  acid  dissolved  more  of  the  red  matter,  together  with 
lime,  alumina,  and  oxide  of  iron ;  and  indigo,  amounting  to 
45  parts  from  100,  and  free  from  every  thing  but  a  little 
silica,  remained. 

Pure  indigo  has  a  deep  blue  colour,  inclining  to  purple, 
and  is  destitute  both  of  taste  and  smell.  Water  has  no  im- 
mediate action  upon  it,  but  when  long  kept  in  a  moist  state, 
indigo  is  decomposed  and  emits  a  putrid  smell.  Alkaline  so- 
lutions and  lime  water  do  not  dissolve  it,  unless  when  fresh 
precipitated.  In  this  state  it  is  soluble  also  by  carbonate  of 
ammonia,  but  not  by  fixed  alkaline  carbonates.  It  is  insoluble 
in  alcohol,  ether,  and  in  fixed  and  volatile  oils.  Its  appro- 
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priate,  and  indeed  only,  solventi  appears  to  be  concentrated 
sulphuric  acid.  When  thus  dissolved,  it  is  sometimes  applied 
directly,  in  a  diluted  state,  to  various  fabrics,  and  dyes  what  is 
termed  a  Saxon  blue.  But,  by  the  abstraction  of  part  of  its 
oxygen,  indigo  becomes  soluble  in  water;  and  its  colour 
changes  from  blue  to  green.  It  recovers  the  former  colour, 
however,  on  exposure  to  the  air,  by  ngain  absorbing  oxygen. 
Its  de-oxydizement  is  effected  either  by  allowing  it  to  ferment, 
along  with  bran  or  other  vegetable  matter ;  or  by  decom- 
posing, in  contact  with  it,  the  proto-sulphate  of  iron  by  the 
addition  of  lime.  Substances  dyed  by  indigo,  thus  deprived 
of  oxygen,  are  green  when  taken  out  of  the  vat,  and  acquire  a 
blue  colour  by  exposure  to  the  atmosphere.  By  this  revival, 
the  indigo  again  becomes  insoluble,  and  fitted,  therefore,  for 
affording  a  permanent  dye,  not  removeable  by  soap  or  by 
acids. 

There  appears,  however,  to  be  a  certain  stage  of  oxygenize- 
ment  in  indigo,  which  is  essential  to  the  development  of  its 
blue  colour,  and  any  proportion  of  oxygen  either  exceeding 
or  falling  short  of  this,  is  equally  destructive  of  its  perfect 
hue.  Thus  diluted  nitric  ncid  dissolves  indigo,  but  the  solu- 
tion is  yellow,  and  the  indigo  existing  in  it  is  decomposed. 
A  thin  layer  of  resinous  matter  appears,  floating  in  the  solu- 
tion. If  this  be  removed,  and  the  solution,  after  evaporation 
to  the  consistence  of  honey,  be  re-dissolved  in  hot  water,  fil- 
tered, and  mixed  with  a  solution  of  potassa,  yellow  crystals  ap- 
pjsar,  which  consist  of  the  bitter  principle  united  with  potassa. 
These  crystals,  being  wrapped  in  paper  and  struck  with  a  ham- 
mer, detonate  and  emit  a  purple  light.  If  to  a  drachm  or  two 
of  finely  powdered  indigo,  we  add  an  ounce  measure  of  strong 
fuming  nitrous  acid,  the  mixture  presently  becomes  hot,  nitrous 
gas  is  evolved,  a  stream  of  sparks  arises  from  it,  and  finally 
the  whole  bursts  into  flame.  When  the  action  of  the  nitric 
acid  is  moderated  by  adding  an  equal  bulk  of  water,  and  the 
mixture^  after  being  digested  for  some  days,  is  evaporated  to 
dryness,  the  residuum  is  soluble  in  water,  and  contains  a  small 
proportion  of  oxalic  acid,  with  a  considerable  quantity  of  ar- 
tificial tan.  Benzoic  acid  may  also  be  obtained  from  the  dry 
mass  by  sublimation.     It  appears  then  that  by  the  action  of 
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nitric  acid  on  indigo,  there  are  generated  oxalic  and  benzoic 
acidsy  tan,  and  the  bitter  principle.  Muriatic,  phosphoric, 
acetic,  tartaric,  and  probably  other  acids,  act  on  indigo  only 
when  it  is  fresh  precipitated,  and  then  they  dissolve  it  and  afford 
a  blue  liquid.  Chlorine  destroys  its  colour,  and  the  same 
quantity  of  free  chlorine  discolours  always  the  same  quantity 
of  indigo.  Hence  a  solution  of  indigo  in  sulphuric  acid  has 
been  employed  for  measuring  the  strength  of  solutions  of 
chlorine  and  of  chloride  of  lime,  in  order  to  regulate  their  ap^ 
plication  to  the  process  of  bleaching.   (See  vol.  i.  p.  560.) 

The  destructive  distillation  of  indigo  affords  but  little  infor- 
mation respecting  its  nature.  The  products,  usually  obtained 
from  vegetable  substances,  are  evolved,  along  with  a  portion 
of  ammonia.  A  copper-coloured  sublimate,  also,  arises  in 
fine  needle-shaped  crystals,  possessed  of  peculiar  properties. 
It  has  been  called  by  Brugnatelli  Indigogene,* 

The  ultimate  analysis  of  indigo,  by  combustion  with  peroxide 
of  copper,  has  been  performed  by  Dr.  Thomson,  who  obtained 
from  it,  when  thus  treated,  no  gases  besides  carbonic  acid  and 
azote;  but  the  carbon  existing  in  the  acid,  and  the  azote,  not 
making  up  together  more  than  .544?  of  the  weight  of  the  in- 
digo, he  concluded  the  loss  =  .456,  to  be  oxygen.  (System  of 
Chemistry,  iv.  89.)  Mr.  Walter  Crum,  of  Glasgow,  has, 
however,  found  hydrogen  in  indigo  in  such  proportion,  as  to 
indicate  that  it  is  an  essential  element  of  that  substance. 
(Dr.  Ure's  paper  in  Phil.  Trans.  1822,  p.  472.)  In  this  state 
of  uncertainty,  I  refrain,  therefore,  from  assigning  any  specific 
atomic  constitution  to  indigo,  considering  the  subject  as  still 
open  to  farther  investigation: 

2.  The  substances,  chiefly  employed  for  affording  red  co- 
lours, are  cochineal  (an  insect  which  has  been  supposed  to 
derive  colour  from  its  food,  the  leaves  of  the  cactus  opuntia^  L.) 
archil,  madder,  brazil-wood,  and  saf-flower.  The  first  four 
are  soluble  in  water;  the  last  not  without  the  intervention  of 
an  alkali.  They  arc  all  adjective  colours.  Cochineal,  though 
its  colour  is  naturally  crimson,  is  used  for  dyeing  scarlet;  and 
to  evolve  the  scarlet  hue,  it  is  necessary  to  employ  the  supcr- 


*  Phil.  Mag.  ihii.  415. 
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tartrate  of  potassa.  The  basis,  by  which  it  is  attached  to  clotb» 
is  the  oxide  of  tin.  This  may  be  exhibited  by  an  easy  experi* 
inent.  A  decoction  of  cochineal  will  leave  only  a  fu|{ilive 
stain  on  a  piece  of  cloth ;  but  if,  in  the  decoction,  some  super* 
tartrate  of  potassa  has  been  dissolved,  and  a  portion  of  uitro- 
muriate  of  tin  afterwards  been  added,  it  will  impart  a  perma*- 
nent  scarlet  colour. 

3.  The  yellow  dyes  are  wild  American  hiccory,  sumacbi 
turmeric,  fustic,  and  quercitron  bark ;  which  afford  various 
colours,  accordingly  as  they  are  combined  with  the  cloth,  by 
the  intervention  of  alumina,  or  of  oxide  of  iron,  or  tin.  Thusy 
with  the  aluminous  base,  the  quercitron  bark  yields  a  bright 
yellow;  with  oxide  of  tin,  all  the  shades,  from  pale  lemon 
colour  to  a  deep  orange;  and  with  oxide  of  iron,  a  drab 
colour.     With  the  addition  of  indigo,  it  gives  a  green. 

4f.  A  combination  of  red  oxide  of  iron,  with  the  gallic  acid 
and  tan,  is  the  principal  black  colour,  which  has  therefore  the 
same  basis  as  common  writing  ink.  In  calico-printing,  white 
spots,  or  figures,  on  a  black  ground,  are  produced,  by  pre* 
viously  printing  on  the  cloth  a  protecting  paste  of  citric  acid^ 
thickened  with  gum  or  flour.  The  parts  to  which  this  paste 
is  applied  do  not  receive  the  black  dye,  but  remain  perfectly 
white. 

VI.  The  colouring  matter  of  vegetables,  besides  being  ca- 
pable of  fixation  on  cloth,  may  be  obtained  in  a  dry  form,  in 
combination  with  a  base  only.  Thus  if  to  a  decoction  or  in- 
fusion of  madder  in  water,  a  solution  of  sulphate  of  alumina 
be  added,  the  colouring  matter  is  precipitated  in  combination 
with  the  alumina,  forming  what  is  termed  a  lake.  For  obtain- 
ing this,  the  following  process  is  given  by  Sir  H.  Englefield. 
Put  two  ounces  of  Dutch  crop-madder  into  a  calico  bag, 
capable  of  holding  three  or  four  times  that  quantity.  Pour 
on  it  a  pint  of  distilled  water,  and  triturate,  in  a  mortar,  as 
much  as  can  be  done,  without  destroying  the  bag.  The  water 
becomes  loaded  with  colouring  matter,  and  is  opaque  and 
muddy.  Pour  off  this  portion,  and  repeat  the  operation  till 
no  more  colour  is  obtained,  which  will  generally  happen  after 
the  fifth  or  sixth  afiiision.  Pour  these  several  washings  into 
an  earthen  or  well^tinned  copper  pan  ;  and  apply  heat  till  the 
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liquor  boils.  Let  it  then  be  poured  into  a  basin ;  and  one 
ounce  oF  alum,  dissolved  in  a  pint  of  water,  be  added,  and 
mixed  by  stirring.  Add  an  ounce  and  a  half  of  saturated 
solution  of  sub-carbonate  of  potassa;  a  violent  eflfervescenoe 
will  ensue,  and  the  colouring  matter  will  be  precipitated.  Stir 
the  mixture  till  cold,  and  wash  repeatedly  with  boiling  water. 
About  half  an  ounce  of  lake  will  be  obtained,  containing  two 
fifths  its  weight  of  alumina. 

Other  lakes  may  be  obtained,  of  different  colours,  by  the 
substitution  of  different  dyeing  woods  ;  and  from  the  infusion 
of  cochineal,  the  beautiful  pigment  called  Carmine  is  precipi* 
tated  by  means  of  a  solntion  of  tin. 


SECTION  XIV. 
Tapf,  Tannin^  or  the  Tanning  Principle. 

Tan  exists  abundantly  in  the  bark  of  the  oak»  tlie  willow, 
&c.,  and  in  the  gall-nut.  In  barks,  the  layers  next  to  the  wood 
contain  the  largest  proportion ;  the  middle  and  coloured  part, 
the  next;  and  in  this  it  is  accompanied  with  more  extract. 
The  epidermis  affords  very  little.  Tan  exists,  also,  along 
with  gallic  acid  and  extract,  in  the  several  varieties  of  tea,  all 
of  which  afford  precipitates  with  gelatine,  but  in  variable  pro- 
portions.    (Quarterly  Journal,  xii.  201.) 

L  Tan  mny  be  obtained  by  any  of  the  following  processes ; 
but,  according  to  Sir  H.  Davy,  it  is  difiScult  to  procure  it  in 
a  state  of  perfect  purity.  It  has,  indeed,  been  doubted  by  se- 
veral chemical  writers,  especially  by  Chevreul  and  Pelletier,* 
whether  tan  has  ever  been  obtained  sufficiently  pure,  to  en- 
title it  to  be  considered  as  a  distinct  vegetable  principle. 
Other  chemists,  among  whom  is  Dr.  Thomson,  from  consi- 
dering its  powers  of  chemical  combination,  have  arranged  it 
among  vegetable  acids. 

I ,  Into  a  strong  infusion  of  Aleppo  nut-galls,  pour  the  mu- 

•  See  87  Ann.  de  Chim.  lOS;  and  47  Phil.  Mug.  74. 

Digitized  by  VjOOQ IC 


SBCT.  XIV.  TAN. 

riate  of  tin,  till  the  yellowish  precipitate,  which  at  first  iklls 
down  abundantly,  ceases  to  appear.  Wash  the  precipitate 
with  a  small  quantity  of  distilled  water,  and  afterwards  add  a 
sufficient  quantity  of  warm  water  for  its  solution.  From  this 
solution,  the  oxide  of  tin  is  precipitated  by  a  stream  of  sul« 
phureted  hydrogen  gas ;  and  the  tannin,  which  remains  dis- 
solved, may  be  procured  by  evaporation,  still,  however,  com* 
bined  with  a  portion  of  extract.  There  is  reason.  Dr.  Bos- 
tock  informs  me,  to  believe  also  that,  by  this  process,  the  tan 
Itself  is  so  much  altered  as  to  be  scarcely  entitled  to  retain  tlie 
appellation ;  and  the  same  remark  applies,  though  perhaps  not 
in  an  equal  degree,  to  the  two  following  operations : 

2.  Into  a  saturated  infusion  of  galls,  pour  a  saturated  solu- 
tion of  carbonate  of  potassa.  The  yellowish  white  precipitate, 
after  being  washed  with  a  small  quantity  of  water,  afibrds  tan. 
When  thus  prepared.  Sir  H.  Davy  observes  that  tan  is  not 
perfectly  pure^  but  contains  a  minute  proportion  of  gallic  acid, 
beside  carbonates  of  potassa  and  lime. 

S.  Into  a  similar  infusion,  pour  concentrated  sulphuric  or 
muriatic  acid.  A  precipitate  will  form,  which  must  be  re-dis- 
solved in  hot  water,  and  the  excess  of  sulphuric  acid  saturated 
by  carbonate  of  potassa.  When  a  farther  addition  is  made  of 
the  alkali,  the  tan  falls  down,  and  must  be  washed  with  a 
small  quantity  of  water.  Beside  tan,  extract  is  present  in  this 
precipitate;  and  it  still  also  contains  a  little  gallic  acid. 

4.  The  following  process,  practised  by  Tromsdorff,  is 
described  by  Dr.  Thomson,  (System  of  Chemistry,  iv.  212,) 
as  yielding  tan  of  greater  })urity  than  any  of  the  foregoing 
methods.  Three  parts  of  bruised  galls  were  digested  with  40 
parts  of  water  for  three  days,  at  the  temperature  of  66^  Fahr., 
the  mixture  being  frequently  stirred.  The  whole  was  now 
placed  on  a  linen  strainer,  the  liquid  set  apart,  and  the  resi- 
duum treated  as  before  with  40  parts  of  water.  Four  difierent 
infusions  were  thus  made,  all  of  which  were  gently  evaporated 
together  to  one-fourth  their  bulk  in  a  porcelain  basin.  The 
liquid,  being  drained  through  a  thick  linen  cloth,  was  further 
evaporated  to  the  consistence  of  a  jelly,  and  placed  upon  a  flat 
porcelain  dish  near  a  stone  till  it  became  dry.  The  dry  mass 
was  digested  with  thrice  its  weight  of  pure  alcohol ;  and  this 
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digestion  was  repeated  three  times,  till  the  last  portion  of  al- 
cohol was  found  to  be  free  from  gallic  acid;  and  to  remove  this 
acid  efFectuaily,  the  dry  mass  was  digested,  twice  in  succession, 
with  alcohol,  containing  10  per  cent,  of  water.  The  tan, 
however,  was  still  considered  as  contaminated  with  extractive 
and  mucilaginous  matter.  To  get  rid  of  these,  the  whole  was 
dissolved  in  distilled  water,  and  again  evaporated  to  dryness. 
These  solutions  and  evaporations  were  repeated  several  times, 
witli  the  view  of  rendering  the  extract  insoluble ;  but  nothing 
insoluble  was  thus  separated.  The  last  solution,  being  left 
some  time  in  a  warm  place,  contracted  a  mouldy  scum,  which 
was  removed.  The  liquid  beneath  it,  being  evaporated  to 
dryness,  lefl  tan  of  considerable  purity,  but  still  containing 
sulphate  of  lime.  To  separate  this,  the  tan  was  dissolved  in 
water,  and  carbonate  of  potassa  added  as  long  as  any  preci- 
pitate fell.  The  liquid  was  then  filtered  and  mixed  with  ace- 
tate of  lead,  Mfhich  threw  down  a  compound  of  oxide  of  lead 
and  tan.  This  powder  was  washed  and  dried,  and  being 
diffused  in  water,  a  current  of  sulphureted  hydrogen  was 
transmitted  through  it.  The  lead  was  thus  thrown  down  in 
union  with  sulphur,  while  the  tan  dissolved  in  the  water.  The 
liquid,  after  being  boiled,  filtered,  and  evaporated  to  dryness, 
gave  tan  in  a  state  of  as  great  purity  as  can  be  obtained  from 
nut-galls. 

Terra  japonica,  or  catechu,  which  is  to  be  met  with  under 
this  name  in  the  druggists'  shops,  was  found  by  Sir  H.  Davy 
to  contain  about  one-half  tan,  the  remainder  being  a  mixture 
of  extract,  mucilage,  and  earthy  impurities.  The  purest  kind 
of  tan,  we  learn  from  the  same  authority,  may  be  procured  by 
the  action  of  a  small  quantity  of  cold  water  on  bruised  grape 
seeds.  A  substance,  also,  introduced  a  few  years  ago  into 
medicine  under  the  name  of  Extract  of  Bhatania,  consists, 
according  to  Dr.  Bostock,  of  tan  in  a  purer  form  than  is  con- 
tained in  catechu. 

In  this  countr}',  a  preference  is  universally  given  to  oak 
bark,  on  account  of  its  cheapness,  for  the  purpose  of  tanning ; 
but  various  other  kitids  of  bark  afford  tan,  as  appears  from  the 
following  Table,  drawn  up  by  Sir  H.  Davy,  from  his  own  ex« 
periments : 
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Table  of  Numbers^  exhibiling  the  QuaniUy  of  Tan  afforded  by 
MOlbs.  ofdiffeient  Barks^  tvhkk  express  nearly  their  relative 
Values : 

lb. 

Average  of  entire  bark  of  middle-sized  Oak,  cut  in  spring . .  29 

'  —  of  Spanish  Chesnut 21 

■ of  Leicester  Willow,  large  size  «...  83 

of  Elm 13 

- — ' of  common  Willow,  large  ..•••...  11 

• ' of  Ash 16 

— ^— — — of  Beech  .  • 10 

of  Horse  Chesnut   9 

V  of  Sycamore , .   11 

'  of  I-.ombardy  Poplar 15 

of  Birch 8 

of  Hazel U 

of  Black  Thorn 16 

of  Coppice  Oak 32 

of  Oak  cut  in  autumn 21 

of  Larch  cut  in  ditto 8 

White  internal  cortical  layers  of  Oak  Bark 72 

The  inner  cortical  layers  of  all  barks  Sir  H.  Davy  found 
to  contain  the  greatest  proportion  of  tan.  The  quantity,  also^ 
is  greatest  at  the  time  the  buds  begin  to  open,  and  is  smallest 
in  winter,  and  after  a  cold  spring. 

As  a  general  average,  four  or  five  pounds  of  good  oak  bark 
are  required  to  form  a  pound  of  leather.  The  operation  is 
most  perfect  when  performed  slowly ;  for,  if  too  rapidly  ef- 
fected, the  outer  surface  of  the  skin  is  soon  covered  with  a  coat 
of  leather,  which  defends  the  interior  from  change.  In  ge- 
neral, skins,  by  being  completely  tanned,  increase  in  weight 
about  one-third,  the  skin  and  the  leather  being  each  supposed 
dry. 

IL  Tan  has  the  following  properties : 

1.  When  evaporated  to  dryness,  it  forms'  a  brown  friable 
mass,  which  has  much  resemblance  in  its  fracture  to  aloes,  a 
sharp  bitter  taste,  and  is  soluble  in  water,  both  hot  and  cold, 
affording  a  deep  brown  solution,  which  does  not  become 
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moaldy  or  undergo  any  change,  when  exposed  to  the  atmo* 
sphere  at  ordinary  temperatures.  Pure  alcohol  does  not  dis- 
solve it;  but  the  addition  of  a  very  small  quantity  of  water, 
for  instance,  of  such  a  quantity  as  to  bring  its  sp.  gr.  to  0.818, 
enables  it  to  act  as  a  solvent  of  tan. 

2.  From  this  watery  solution  almost  all  acids  precipitate  tan, 
by  forming  with  it  an  insoluble  compound.  Nitric  acid  pro- 
duces, however,  a  different  effect ;  and,  probably  by  imparting 
oxygen,  converts  tan  into  a  yellowish  brown  matter  which  is 
soluble  in  alcohol.  Chlorine  produces  a  similar  change;  and 
peroxide  of  tin  converts  it  into  a  substance  resembling  extract, 
probably  by  communicating  oxygen. 

S.  Lime  water  and  the  alkaline  carbonates  also  throw  down 
tan,  and  the  precipitate  is  a  compound  of  tan  with  the  substance 
which  has  been  added.  Pure  fixed  alkalis  separate  tan  from 
its  concentrated  solution,  but  ammonia  has  not  the  same 
eflect. 

4.  The  watery  solution  of  tan,  poured  into  one  of  glue  (in- 
spissated animal  jelly),  converts  it  immediately  into  a  coagulum, 
insoluble  by  boiling  water,  which  has  the  elastic  properties  of 
the  gluten  of  wheat  Hence  infusion  of  tan  is  used  as  a  test  of 
the  presence  of  gelatine,  and,  reciprocally,  solution  of  gelatine 
may  be  used  as  a  test  of  the  presence  of  tan. 

The  solution  of  gelatine  may  be  prepared  for  the  purpose 
of  precipitating  tan,  by  dissolving  isinglass  in  water,  in  the 
proportion  of  ten  grains  to  two  ounces.  The  precipitate, 
which  has  been  called  ianfio-gelalinet  consists  of  5i  jelly  and 
46  tan.  An  excess  of  the  solution  partly  re-dissolves  it.  It 
is  this  property,  of  forming  witli  gelatine  an  insoluble  com- 
))ound,  not  liable  to  putrefaction,  that  fits  tan  for  the  puqKisc 
of  converting  skins  into  leather. 

Dr.  Duncan,  jun.,  who  has  made  numerous  experiments  on 
tan,  observed,  that  the  proportion  of  ingredients  in  this  pre- 
cipitate varies  very  considerably,  according  to  the  mode  in 
which  it  is  effected;  and  that  insolubility  in  water  is  by  no 
means  one  of  its  constant  characters.  Dr.  Bostock,  al^, 
found  that  tan  and  jelly  do  not  unite  in  any  constant  propor- 
tion, and  that  the  compound  is  not,  in  all  cases,  insoluble  iu 
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water.*  It  is  soluble  in  excess  of  gelatine,  and  more  aban« 
dantly  in  hot  than  in  cold  solutions  of  jelly. 

Tanno-gelatine  is  also  soluble  in  liquid  ammonia,  and  forms 
a  dark  brown  solution,  which,  when  spread  with  a  brush, 
leaves  a  film  insoluble  in  water,  oil,  or  aloohoL  The  solution, 
by  long-keeping,  changes  its  nature,  and  when  filtered  and 
evaporated,  yields  a  brittle  shining  black  substance,  soluble  in 
water  and  alcohol,  but  not  in  ether.  From  the  extreme  faci- 
lity with  which  it  yields  ammonia  on  being  heated,  it  is  pro- 
bably a  compound  of  that  alkali  with  tanno-gelatine.  (Fara- 
day, in  Quarterly  Journ.  vi.  157.) 

Tanno-gelatine,  boiled  witli  solution  of  bi-chloride  of  mer- 
cury, becomes  of  a  fawn  colour,  is  more  soft  and  pliable  in  the 
warm  fluid,  and  does  not,  when  exposed  to  the  air,  become  so 
hard  and  brittle  as  unaltered  tanno-gelatine.  Its  colour  is  also 
much  lighter,  and  of  an  uniform  brown  tint.  On  analysis,  it 
yields  corrosive  sublimate.    (Ibid.) 

5.  Tan  forms  with  fecula^  or  starch,  a  precipitate  which 
is  sparingly  soluble  in  cold  water,  and  very  copiously  in  hot 
water. 

6.  With  gluten  tan  gives  an  insoluble  precipitate. 

7.  It  is  precipitated  by  earths  and  by  salts  with  earthy  bases, 
such  as  the  nitrates  of  baryta,  lime,  &c. 

8.  It  is  separated  also  by  oxides,  such  as  the  oxide  of  zinc 
and  peroxide  of  tin,  and  also  by  salts  with  metallic  basest 
such  as  acetate  of  lead,  muriate  of  tin,  muriate  of  gold,  sul- 
phate of  iron,  tartarized  antimony,  and  muriate  of  platinum. 

Green  sulphate  of  iron  efiects  no  change  in  the  solution  of 
tan,  but  the  red  or  per-sulphate  occasions  a  dark  bluish  preci- 
pitate. This  precipitate  differs  from  gallate  of  iron,  in  being 
decomposed  by  acids,  the  tan  being  thus  separated.  An  ex- 
cess of  the  red  sulphate  re-dissolves  the  precipitate,  and  aflbrds 
a  black  or  dark  blue  liquor,  but  the  precipitate  re-appears, 
when  the  disengaged  acid  is  carefully  saturated  by  an  alkali. 
By  union  with  tan,  the  red  sulphate  is  de-oxidized,  the  salt 
probably  becoming  the  green  sulphate^  and  the  oxygen  passing 

*  See  his  paper  on  the  Union  of  Tan  and  Jelly,  Nicholson's  Joonial, 
xiiv.  1. 
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to  the  tan.  Tan  is  capable,  also,  of  uniting  with  oxide  of 
lead,  in  different  proportionsi  forming  a  tannate  and  sub«tan* 
nate  of  lead.*    The  tannate  consists  of  ' 

Tan 65.79   100 

Oxide  of  lead 34.21    62 


100. 


The  sulvtannate  contained  1-^  times  as  muck  base  as  the 
neutral  tannate. 

Berzelius  analyzed  tan  by  the  combustion  of  perfectly  dry 
tannate  of  lead  with  peroxide  of  copper.  The  tannate  of 
lead  had  been  precipitated  from  infusion  of  nut-galls.  He 
found  tan  to  consist  of 


By  Experiment. 

By  Theory.        • 

Carbon 50.55    ...»  G  atoms 

....  36 

....  50.70 

Oxygen   ....  45 4  ditto 

....  32 

....  45.07 

Hydrogen.  • .     4.45   ....  3  ditto 

.  .  •  .        9 

•  •  • .     4.23 

100.  71  100. 

On  the  supposition  that  tannate  of  lead  is  composed  of  an 
atom  of  each  of  its  elements,  a  much  higher  number  would  be 
indicated  for  tan,  viz.  215.4  ;  for  52  :  100 ::  112  :  215.4.  The 
equivalent  thus  deduced  is  at  variance,  therefore,  with  that 
derived  from  ultimate  analysis,  unless  we  suppose  that  the 
tannate  of  lead  consists  of  1  atom  of  base,  united  with  3  atoms 
of  tan.  This  would  reduce  the  atom  of  tan  to  71 .8,  which  ac- 
cords as  nearly  as  can  be  expected  with  the  foregoing  number. 
By  comparing  the  composition  of  gallic  acid,  as  stated  at 
page  204,  with  that  oF  tan,  it  will  appear  that  the  only  dif- 
ference between  them  is  that  the  former  contains  an  atom  less 
of  oxygen,  which  would  scarcely  have  been  expected  in  a 
substance  possessing  more  decidedly  acid  properties  than  be- 
long to  tan. 

Artificial  Tan. 
Until  within  the  last  ten  years,  tan  had  been  known  only  as 

*  Berzelius,  94  AiiD,  de  Chim.  319. 
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a  production  of  nature ;  and  the  processes  of  chemistry  had 
effected  nothing  more,  than  its  separation  from  the  various 
substances,  with  which  it  occurs  combined.  An  important 
discovery,  however,  has  been  made  by  Mr.  Hatchett,  of  the 
artificial  formation  of  tan^  from  substances  ivhich  unquestion- 
ably do  not  contain  it,  but  only  furnish  its  elements.  The 
processes  for  its  factitious  production  are  very  numerous ;  but 
they  are  arranged,  by  their  author,  under  three  heads:  Is^ 
The  synthesis  of  tan  may  be  effected  by  the  action  of  nitric 
acid  on  animal  or  vegetable  charcoal ;  2dly,  By  distilling  nitric 
acid  from  common  resin,  indigo,  dragon's  blood,  and  various 
other  resinous  substances ;  Sdly,  By  the  action  of  sulphuric 
acid  on  common  resin,  elemi,  assafoetida,  camphor,  &c«  Of 
these  various  processes,  I  shall  select  the  most  simple^  refer* 
ring  to  Mr.  Hatchett's  very  interesting  paper  for  a  fuller  detail 
of  the  experiments.* 

To  100  grains  of  powdered  charcoal,  contained  in  a 
matrass,  add  an  ounce  of  nitric  acid  (specific  gravity  1.4)  diluted 
with  two  ounces  of  water;  place  the  vessel  in  a  sand-heat,  and 
continue  the  digestion  till  the  charcoal  appears  to  be  dissolved. 
A  copious  discharge  of  nitrous  gas  will  take  place.  At  the 
end  of  the  second  day,  it  may  be  necessary  to  add  another 
ounce,  and  sometimes  even  a  third,  of  nitric  acid ;  and  to 
continue  the  digestion  during  five  or  six  days.  A  reddish 
brown  solution  will  be  obtained,  which  must  be  evaporated  to 
dryness  in  a  glass  vessel ;  taking  care  in  the  latter  part  of  the 
process,  so  to  regulate  the  temperature,  that  the  acid  may  be 
expelled,  without  decomposing  the  residuum.  A  brown  glossy 
substance  will  be  obtained,  having  a  resinous  fracture,  and 
amounting,  in  weight,  to  116  or  120  grains.  This  substance 
has  the  following  properties: 

1.  It  is  speedily  dissolved  by  cold  water  and  by  alcohol. 
2.  It  has  an  astringent  flavour.  3.  Exposed  to  heat,  it  smokes 
but  little,  syrells  much,  and  affords  a  bulky  coal.  4.  Its  solu-  . 
tion  in  water  reddens  litmus  paper.  5.  The  solution  copiously 
precipitates  metallic  salts,  especially  muriate  of  tin,  acetate  of 
lead,  and  red  sulphate  of  iron.     These  precipitates,  for  the 

*  See  Philosophical  Transactions  for  1805  and  1806. 

Digitized  by  VjOOQ IC 


272  VBOKTABLB   SUBSTANCES.  .  CHAP.  X. 

most  part,  are  brown,  inclining  to  chocolate,  excepting  that 
of  tin,  which  is  blackish  grey.  6.  Gold  is  precipitated  from 
its  solutioujn  a  metallic  state.  7.  The  earthy  salts  are  pre- 
cipitated by  it.  8.  Gelatine  is  instantly  precipitated  from 
water,  in  the  state  of  coagulum,  insoluble  both  in  cold  and  in 
boiling  water. 

Though  this  substance  has  not  yet  been  subjected  to 
ultimate  analysis,  yet  its  identity  with  tan  can  scarcely  be 
doubted,  since  the  two  bodies  agree  in  having  the  same  cha- 
racteristic properties.  The  only  essential  circumstance  of  dis- 
crimination, is,  that  the  natural  tan  is  destroyed,  while  the 
artificial  is  produced,  by  the  agency  of  nitric  acid ;  and  that 
the  artificial  substance,  even  when  formed,  powerfully  resists 
the  decomposing  action  of  this  acid,  which  readily  destroys 
natural  tan.  Even,  however,  among  the  difierent  varieties  of 
the  natural  substance,  Mr.  Hatchett  found  essential  diiferences 
in  the  facility  of  destruction  by  nitric  acid.  Those  of  oak 
hark  and  catechu  are  less  destructible ;  and,  in  general,  the 
varieties  of  tan  seem  to  be  less  permanent,  in  proportion  to  the 
quantity  of  mucilage  which  they  contain.  Infusions  of  facti- 
tious tan  differ,  also,  it  has  been  said,  from  those  of  the  natural 
kind,  in  not  becoming  mouldy  by  keeping.  This  character, 
however,  is  not  confirmed  by  Dr.  Bostock,  who  has  observed 
the  artificial  tan  to  acquire  mould. 

The  artificial  substance  is  a  purer  variety  of  tan  than  the 
natural  one;  inasmuch  as  it  is  perfectly  free  from  gallic  acid, 
and  from  extract,  both  of  which  are  always  present  in  the 
latter.  The  properties  of  the  factitious  compound  vary  a  little, 
according  to  the  mode  of  its  preparation,  principally  in  the 
colour  of  the  precipitates,  which  it  separates  from  metallic 
solutions.  Those  effected  by  tan,  which  has  been  formed  by 
processes  of  the  first  class,  are  always  brown,  and  by  the  se- 
cond, pale  or  deep  yellow. 
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SECTION  XV. 

Wax. 

It  was  long  supposed  that  bees'  wax  is  merely  the  dust  of 
the  stamina  of  plants,  unchanged  by  any  process  in  the  eco- 
nomy of  that  animal.  This  opinion,  however,  has  been  lately 
shown  by  Huber  *  to  be  erroneous ;  for  bees,  he  has  proved, 
continue  to  form  wax,  when  supplied  with  only  raw  sugar  or 
honey.  Little  doubt,  therefore,  can  exist  that  sugar  contains 
all  the  principles  of  wax ;  and  that  wax  is  the  result  of  a  new 
combination  of  those  principles,  effected  by  the  animal. 

At  the  same  time,  it  is  equally  well  established,  that  wax  is 
also  a  product  of  vegetation.  It  forms  the  varnish,  which  is 
conspicuous  on  the  upper  leaves  of  many  trees,  and  may  be 
extracted  by  first  removing  utoni  the  bruised  leaves,  by  means 
of  water  and  alcohol,  every  thing  that  is  soluble  in  those  fluids ; 
then  macerating  the  remainder  with  liquid  ammonia,  which 
dissolves  the  wax,  and  lets  it  fall  on  the  subsequent  addition 
of  sulphuric  acid,  in  the  form  of  a  yellow  powder.  This  is  to 
be  washed  with  water,  and  melted  at  a  gentle  heat.  Wa3^ 
exists,  also,  iu  the  substance  called  lac,  in  combination  with 
colouring  matter ;  and  is  obtained,  in  considerable  quantity, 
from  the  berries  of  the  Myrica  Cerifera^  by  the  simple  process 
of  boiling  them  in  water,  and  bruising  them  at  the  same  time. 
The  wax  melts  and  rises  to  the  surface  in  the  form  of  a  scum, 
which  concretes  on  cooling.f 

In  its  ordinary  state,  wax  of  every  kind  has  considerable 
colour  and  smell.  It  may  be  deprived  of  both,  by  exposing 
it,  in  thin  laminae,  to  the  action  of  the  light  and  air,  or  still 
more  speedily  by  chlorine  gas.  It  melts  at  145®  Fahr.  When 
bleached,  it  has  the  following  properties : 

1.  Its  specific  gravity  is  about  .960,  water  being  [1.000. 
When  heated,  it  melts  at  about  155°  Fahrenheit,  or  at  from 
7®  to  l(f  higher  than  unbleached  wax,  and  forms  a  transparent 

, IL-  -  ■  ■       ■  ■-    ■  -  ■  .■■■ 

*  Nicholson's  Jouroal,  ix.  18S.         '^  Cadet,  Ana.  do  Cbim.  vol.  xiiv. 
VOL.   II.  T 
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fluid,  which  gradually  acquires  consistency,  till  at  length  it 
returns  to  a  solid  state.  If  the  heat  be  raised,  it  boils;  and  a 
portion  distils  over.  By  a  still  higher  heat,  it  is  decomposed, 
and  a  quantity  of  oleiiant  and  hydro- carburet  gases  is  deve- 
loped. The  residuum  of  charcoal  bears  only  a  small  propor- 
tion to  the  wax  which  has  been  decomposed. 

2.  Wax  is  insoluble  in  water,  nor  is  it  changed  by  long  keep- 
ing in  contact  with  water. 

S.  Boiling  alcohol  dissolves  about  one-twentieth  its  weight 
of  wax,  four-fifths  of  which  separate  on  cooling ;  and  the  re- 
mainder is  immediately  precipitated  by  the  addition  of  water. 
Boiling  ether  dissolves  about  one-twentieth  of  its  weight,  but 
lets  the  greater  part  fall  on  cooling. 

4.  Caustic  fixed  alkalis  convert  wax  into  a  saponaceous  com- 
pound, soluble  in  warm  water.  The  punic  ivax  of  the  ancients 
was  a  soap  composed  of  20  parts  of  wax  and  1  of  soda. 

5.  A  heated  solution  of  ammonia  dissolves  wax,  and  forms 
a  kind  of  emulsion.  On  cooling,  the  wax  rises  to  the  surface  in 
flocculi. 

6.  Volatile  oils  dissolve  wax  when  heated  along  with  it; 
but  a  great  part  separates  again  on  cooling  of  a  softer  consis- 
tence, and  probably  therefore  containing  some  of  the  oil. 

7.  Fixed  oils  unite  with  wax,  and  form  a  sort  of  compound 
well  known  in  pharmacy  under  the  name  of  cerates.  When 
applied  to  the  purpose  of  candles,  the  brittleness  of  wax  is 
corrected  by  a  little  tallow. 

8.  Acids  appear  to  have  very  little  action  on  wax,  unless 
they  are  concentrated  and  heated,  when  a  mutual  decomposi- 
tion ensues. 

From  the  results  of  its  combustion,  Lavoisier  inferred  that 
wax  consists  of 

82.28  carbon 
17.72  hydrogen 

100. 

Gay  Lussac  and  Thenard,  and  Dr.  Ure,  have  analyzed  yellow 
wax  by  combustion  with  peroxide  of  copper,  and  deduced  its 
elements  to  be 
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11.33 
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Carbon 81.784    80.69 

Oxygen 5.544    7.94 

Hydrogen 12.672    11.37 

100.*  lOO.t 

The  atomic  constitution  most  consistent  witb  these  results, 
is, 

Carbon 13  atoms  • . 

Oxygen 1  atom     . 

Hydrogen  ....  11  atoms  • 

97  100. 

But  it  is  not  improbable,  as  Dr.  Ure  has  remarked,  that  an 
atom  more  of  hydrogen  may  exist  in  wax  than  has  been  disco-> 
vered  by  analysis,  and  that  it  may  consist  of  12  atoms  of  olefiant 
gas  +  1  atom  of  carbonic  oxide. 

Myrtle  waXy  it  appears  from  the  experiments  of  Dr.  Bos- 
tock,  differs  from  bees'  wax  in  being  more  fusible  (viz.  at  109° 
Fahrenheit),  and  in  being  soluble,  to  a  greater  amount,  both 
in  ether  and  in  alcohol.  Dr.  John  ascertained  that  it  is  only  one 
part  of  this  wax  that  is  taken  up  by  alcohol,  whil(^  the  otiier 
remains  undissolved.  To  the  first  he  has  given  the  name  of 
cerin.  It  precipitates  again  as  tlie  alcohol  cools ;  is  of  the 
same  sp.  gr.  as  water ;  has  the  consistency  of  wax,  but  a  much 
lower  melting  point,  viz.  10S°  to  110°  Fahr.  The  insoluble 
part,  which  he  has  called  myriciriy  is  insoluble  in  ether  and 
alcohol  at  all  temperatures.  Its  specific  gravity  is  0.900.  The 
term  cerin  has  also  been  applied  by  Chevrcul  to  a  substance 
resembling  wax,  which  slowly  separates  from  alcohol  after 
being  digested  on  cork.  The  vegetable  wax  from  Brazil, 
though  it  appears,  from  the  experiments  of  Mr.  Brande,  to 
possess  the  principal  characters  of  common  wax,  differs  from 
it  in  some  properties,  and  also  from  myrtle  wax.:}: 

•  Recherches,  ii.  t  Phil.  Trans.  1822. 

J  Phil.  Trans.  1811,  p.  267. 
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SECTION  XVI. 

The  Bitter  Principle. 

The  bitter  taste  of  certain  vegetables  appears  to  be  owing 
to  the  presence  of  a  peculiar  principle,  differing  from  every 
other  substance  in  its  chemical  properties.  It  may  be  extract- 
ed from  the  wood  of  quassia,  the  root  of  gentian,  the  leaves  of 
the  hop,  and  several  other  plxmts,  the  fruit  of  the  colocynth, 
&c.  by  infusing  them  for  some  time  in  cold  water.  The  cha- 
racters of  this  substance  have  been  attentively  examined  by  Dr. 
Thomson,  who  enumerates  them  as  follows.* 

1.  When  water,  thus  impregnated,  is  evaporated  to  dryness 
by  a  very  gentle  heat,  it  leaves  a  brownish  yellow  substance, 
which  retains  a  certain  degree  of  transparency.  For  some 
time  it  continues  ductile,  but  at  last  becomes  brittle.  Its  taste 
is  intensely  bitter. 

2.  When  heated,  it  softens,  swells,  and  blackens ;  then  bums 
away  without  flaming  much ;  and  leaves  a  small  quantity  of 
ashes* 

3.  It  is  very  soluble  in  water,  and  in  alcohol. 

4.  It  does  not  alter  blue  vegetable  colours. 

5.  It  is  not  precipitated  by  the  watery  solution  of  lime, 
baryta,  or  strontia ;  nor  is  it  changed  by  alkalis. 

6.  Tincture  of  galls,  infusion  of  nut-galls,  and  gallic  acid, 
produce  no  effect. 

7.  Of  the  metallic  salts,  nitrate  of  silver  and  acetate  of  lead 
are  the  only  ones  that  throw  it  down.  The  effect  of  nitrate 
of  silver  cannot  be  ascribed  to  the  presence  of  muriatic  acid, 
since  nitrate  of  lead  produces  no  change  in  the  solution.  The 
precipitate  by  acetate  of  lead  is  very  abundant;  and  that  salt, 
therefore,  affords  the  best  test  for  discovering  the  bitter  prin- 
ciple, provided  no  other  substances  be  present,  by  which,  also, 
it  is  decomposed. 

Another  modification  of  the  bitter  principle  has  been  ex- 
tracted, by  M.  Chenevix,  from  unroasted  coffee.  The  in- 
fusion of  the  berries  was  mixed  with  muriate  of  tin,  when  a 

*  System  of  Chemistry,  6th  edit.  iv.  50. 
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precipitate  appeared,  which  was  well  washed,  then  diffused 
through  water,  and  decomposed  by  sulphureted  hydrogen  gas, 
which  carried  down  the  tin.  The  remaining  liquid,  evapo- 
rated to  dryness,  gave  a  semi-transparent  substance  not  unlike 
horn.  This  substance  did  not  attract  moisture  from  the  air ; 
was  soluble  in  water  and  alcohol ,  and  the  solution,  on  adding 
alkali,  became  of  a  garnet  red.  Solution  of  iron  gave  it  a 
fine  green  tinge,  or,  when  very  concentrated,  threw  down  a 
green  precipitate;  and  muriate  of  tin  occasioned  a  yellow 
sediment.  It  was  not  affected  by  solution  of  animal  gela* 
tine. 

From  the  experiments  of  Mr.  Hatchett,  it  appears  that 
the  bitter  principle  is  artifically  formed,  along  with  tan,  by  the 
action  of  nitric  acid  on  indigo.  Mr.  Donovan  has  also  com- 
posed it  by  the  action  of  strong  citric  acid  on  an  equal  weight 
of  sugar.  In  the  residual  matter,  which  is  thick  and  tena- 
cious, its  presence  is  disguised  by  the  sourness  of  the  malic 
acid,  but  becomes  sensible  when  this  is  neutralized  by  lime. 
This  bitter  principle,  he  conceives,  may  exist  in  unripe  fruits, 
and  may  afford,  accordingly  as  it  is  modified  by  vegetation, 
either  sugar  or  vegetable  acids.* 

When  obtained  from  indigo,  the  colour  of  this  principle  is 
a  deep  yellow,  and  its  taste  intensely  bitter.  It  is  soluble  in 
water  and  alcohol,  and  is  susceptible  of  a  regular  crystallized 
form.  It  unites  with  alkalis,  and  composes  crystallizable  salts. 
Its  compound  with  potassa  detonates  when  struck  with  a 
hammer,  and  inflames  like  gunpowder  when  thrown,  on  hot 
charcoal.  On  the  whole,  it  appears  better  entitled  to  rank  as  a 
distinct  principle,  than  that  which  is  extracted,  by  infusion, 
from  vegetables. 

*  PhU.  Trans.  1815. 
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SECTION  XVII. 

Of  ISutive    Vegetable  Alkalis. — Morphia^  Slrychnia,   Brucia^ 
Delphia^  PtcroioxiOi  jilropia,  Feralrioj  Sfc. 

The  forces,  which  produce  in  living  vegetables  so  many 
acids,  appear  also  to  be  capable  of  giving  rise  to  a  variety  of 
alkaline  substances^  several  of  which  have  been  discovered  and 
Identified  during  the  few  last  years.  So  far  as  is  yet  known, 
the  processes,  by  which  they  are  obtained^  effect  nothing  more, 
than  their  separation  from  the  vegetables  in  which  they  exist 
ready  formed.  These  vegetables  are  for  the  most  part  dis- 
tinguished by  very  |K>werii]l  efiects  on  the  animal  system, 
produced,  it  should  appear,  by  an  alkaline  ingredient  peculiar 
to  each  species;  and  it  is  probfible  that  the  active  principles, 
thus  detached,  may  hereafter  become  important  instruments 
in  the  hands  of  the  physician.  It  is  chiefly  from  their  habi- 
tudes of  chemical  combination,  that  these  new  substances  are 
classed  among  alkalis,  which  they  resemble  in  the  power  of 
neutralizing  acid$,  and  of  affording  with  them  compounds 
analogous  to  the  salts,  which  result  from  the  union  of  acids 
with  the  alkaline  substances  that  have  been  long  known.  They 
have,  all,  however,  weaker  affinities  for  acids,  than  belong  to 
alkalis  of  the  latter  class ;  and  are  destructible,  both  when  sepa- 
rate and  in  combination,  at  low  degrees  of  heat  At  first  they 
were  distinguished  by  names  endiog  in  me,  as  morphine, 
strychnine,  &c;  but,  for  the  sake.of  conformity  to  the  nomen- 
clature of  other  alkalis,  their  names  have  since  received  a  dif- 
ferent termination. 

Besides  these  alkalis  of  feeble  energy,  it  has  been  discovered 
by  Dr.  Pcschier,  of  Geneva,  that  potassa,  which  had  been  long 
extracted  from  the  ashes  of  plants,  exists  ready  formed  in  their 
juices,  and  may  be  obtained  by  agitating  pure  magnesia  with 
the  liquor  obtained  by  pressure  or  decoction  of  any  part  of  the 
vegetable,  except  its  fruit.  In  most  plants,  the  potassa  is  united 
with  oxalic  or  tartaric  acid,  which  form  insoluble  compounds 
with  magnesia ;  but  in  borage,  the  potassa  is  combined  with 
nitric  acid,  which  magnesia  has  not  the  power  of  detaching 
from  that  alkali.     (Ann.  of  Phil.  xii.  336.) 
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Art.  I. — Morphia. 

Opium,  and  other  vegetable  products  possessed  of  narcotic 
power,  are  composed  of  several  of  the  vegetable  principles 
that  have  already  been  enumerated.  Besides  these,  however, 
they  contain  a  peculiar  one,  in  which  the  narcotic  virtue  re- 
sides. Its  preparation  and  chemical  qualities  were  first  des- 
cribed by  Derosne,  in  a  memoir  published  in  the  45th  vol. 
of  the  Annates  de  Chimie. 

1.  To  obtain  the  narcotic  principle  from  opium  by  the  pro- 
cess of  Derosne,  let  water  be  digested  upon  it,  and  the  strained 
solution  be  evaporated  to  the  consistence  of  syrup.  A  gritty 
precipitate  will  begin  to  appear,  which  is  considerably  in- 
creased by  diluting  tiie  liquid  with  water.  This  consists  of  three 
distinct  substances,  resin,  oxygenized  extract,  and  the  nar- 
cotic principle.  Boiling  alcohol  dissolves  the  resin  and  narcotic 
principle  only ;  and  the  latter  falls  down  in  crystals,  as  the  so^ 
lution  cools;  still,  however,  coloured  with  resin.  The  crystals 
may  be  purified  by  repeated  solutions  and  crystallizationp. 
They  are  white  rectangular  prisms  with  rhomboidal  bases, 
destitute  of  taste  and  smell,  soluble  in  400  parts  of  boiling 
water,  from  which  they  precipitate  on  cooling;  soluble  in  100 
parts  of  cold,  or  in  24  parts  of  hot  alcohol,  and  also  in  hot 
ether ;  and  fusible  at  a  moderate  degree  of  heat.  They  unite 
with  acids  and  are  precipitated  by  alkalis. 

2.  A  more  complete  investigation  of  the  narcotic  principle 
has  since  been  published  by  M.  Sertuerner  of  Eimbeck  in 
Hanover,  who  has  recommended  the  following  process  for  ob- 
taining morphia.*  Rub  together  in  a  mortar  eight  ounces  of 
powdered  opium,  two  or  three  ounce  measures  of  acetic  acid, 
and  a  little  cold  distilled  water;  then  add  two  or  three  pints 
of  water,  and  strain  the  liquor.  Add  to  it  a  solution  of  am- 
monia, and  evaporate  the  liquor  to  one  fourth.  The  morphia 
is  precipitated,  and  may  be  separated  by  filtration.  The 
liquid  part  is  a  compound  of  ammonia  with  the  acid  ingredient 
of  opium. 

S.  Anotlier  method  of  separatmg  morphia  has  been  rccom- 


*  Ann.  <i«  Chiin.  et  Phys.  v.  39. 
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mended  by  Robiquet.*  A  concentrated  solution  of  a  pound 
of  opium  in  water  is  to  be  boiled  with  10  or  12  drachms  of 
carbonate  of  magnesia,  during  a  quarter  of  an  hour.  A  grej  ish 
deposit  is  formed  in  considerable  quantity,  which  is  to  be 
washed  first  with  cold  water,  and  next  with  hot  and  weak 
alcohol,  which  takes  up  a  small  quantity  of  morphia  and 
much  colouring  matter.  It  is  afterwards  washed  witli  a  little 
cold  and  concentrated  alcohol,  and  then  boiled  with  a  suffi- 
cient quantity  of  the  same  fluid,  which,  at  that  temperature, 
dissolves  morphia.  On  cooling,  morphia  is  deposited  a  little  co- 
loured^; but  by  repeating  the  operation  three  or  four  times,  it 
may  be  obtained  c^olourless,  and  crystallized  in  regular  paral- 
lelepipeds with  oblique  faces. 

Dr.  Thomson  finds  that  morphia  may  easily  be  procured,  in 
a  state  of  purity,  by  pouring  liquid  ammonia  into  a  strong  in- 
fusion of  opium ;  separating  by  a  filter  the  brownish  white 
precipitate  which  is  formed ;  evaporating  the  infusion  to  about 
l-6th  of  its  bulk,  and  adding  more  ammonia,  which  throws 
down  a  fresh  precipitate.  These  precipitates  are  impure 
morphia.  To  purify  it,  pour  a  little  alcohol  upon  it,  and  let 
the  alcohol,  which  chiefly  takes  up  the  colouring  matter,' pass 
through  the  filter.  Dissolve  the  residuum  in  acetic  acid,  and 
mix  the  solution,  which  will  have  a  deep  brown  colour,  with  a 
sufficient  quantity  of  ivory  black.  After  being  occasionally 
agitated  during  24?  hours,  and  thrown  upon  a  filter,  a  colour- 
less liquid  passes  through,  from  which  ammonia  now  precipi- 
tates pure  moi-phia  in  the  state  of  a  white  powder.  If  this  be 
dissolved  in  alcohol,  and  the  solution  slowly  evaporated,  mor- 
phia is  obtained  in  pretty  regular  crystals,  which  are  four- 
sided  rectangular  prisms.     (Ann.  of  Phil.  xv.  470.) 

Pure  morphia  is  perfectly  white,  has  a  pearly  lustre,  is  des- 
titute of  smell,  but  has  an  intensely  bitter  taste.  It  dissolves 
in  boiling  water  only  in  small  proportion,  but  is  very  soluble 
in  heated  alcohol  and  ether,  and  the  solutions  arc  intensely 
bitter.  The  watery  and  alcoholic  solutions  affi:jct  test  papers  like 
an  alkali,  and  Ilobiquet  found  this  property  to  be  most  distinct 
in  morphia  prepared  by  the  intervention  of  magnesia,  though 
proved,  by  its  complete  destruction  by  burning,  to  be  free  from 

*  Aim.  do  Cbim.  et  Pbys,  v.  379. 

Digitized  by  VjOOQIC 


SECT.  XVII.  NATIVB  VSGBTABLB  ALKALIS.  281 

any  portion  of  that  earth.  It  forms  neutral  salts  with  acids, 
and  appears,  therefore,  to  approach  closely  in  its  characters  to 
an  alkaliy  which  it  also  resembles  in  decomposing  the  com« 
pounds  of  acids  with  metallic  oxides. 

Morphia  fuses  at  a  moderate  heat,  and  resembles  melted 
sulphur.  On  cooling  from  this  state,  it  crystallizes.  It  unites 
with  sulphur,  but  is  incapable  of  forming  soap  with  an  oxidized 
oil. 

Its  effects  on  the  human  body  are  those  of  a  most  violent 
poison.  Three  half  grains,  taken  in  succession  with  intervals 
of  half  an  hour  by  the  same  person,  produced  violent  vomiting 
and  alarming  faintings. 

Tinctures  of  opium,  it  is  observed  by  Sertuerner,  should  be 
prepared  with  pure  alcohol,  and  kept  in  a  place  which  is  not 
very  cold;  for  a  low  temperature  causes  a  precipitation  of 
morphia.  The  addition  of  a  little  acetic  acid  prevents  this  in- 
convenience, without  diminishing  the  efficacy  of  morphia  on 
the  animal  system. 

Another  ingredient  of  opium  is  the  meconic  acid,  which,  ac- 
cording to  Robiquet,  is  best  obtained  from  the  residuum  of 
the  magnesian  salt,  left  undissolved  by  alcohol  in  the  process 
for  extracting  morphia.  This  residue  may  be  dissolved  in  very 
weak  sulphuric  acid,  and  to  the  solution  muriate  of  baryta 
may  be  added.  A  rose-coloured  precipitate  falls,  consisting 
of  sulphate  and  meconate  of  baryta.  This  is  to  he  digested 
a  considerable  time  with  hot  sulphuric  acid  largely  diluted. 
When  the  filtered  liquor  is  sufficiently  reduced  by  evaporation^ 
the  meconic  acid  shoots,  even  before  cooling,  into  coloured 
crystals.  To  obtain  it  pure,  it  must  be  washed  with  a  small 
quantity  of  water,  then  dried,  and  sublimed  at  a  gentle  heat. 

This  acid  is  fusible  at  a  temperature  considerably  above  that 
of  boiling  water.  It  reddens  vegetable  blues,  and  is  extremely 
soluble  in  alcohol  and  in  water.  Its  distinguishing  character 
is,  that  it  produces  an  intensely  red  colour  in  solutions  of  iron 
oxidized  to  the  maximum.  Sertuerner  did  not  find  that  when 
taken  into  the  stomach,  it  is  capable  of  producing  any  of  the 
effects  of  opium. 

The  salt  of  Derosne,  it  appears  from  the  experiments  of 
Robiquet,  is  not,  as  Sertuerner  supposed,  a  compound  of  mor- 
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phia  and  meconic  acid.  The  watery  solution  of  opium,  freed 
from  morphia  and  meconic  acid,  contains  another  acid  cha- 
racterized by  a  different  train  of  properties,  which  may  be  se- 
parated by  a  process  somewhat  circuitous.*  This  acid  is  not 
volatile,  and  has  no  peculiar  action  on  the  salts  of  iron.  With 
morphia  it  aifords  salts  that  are  readily  soluble  in  alcohol  and 
in  water.  Morphia  and  the  salt  of  Derosne  appear,  from  the 
experiments  of  Robiquet,  to  be  both  ingredients  of  opium, 
which  are  different  and  independent  of  each  other. 

Beside  the  ingredients  which  have  already  been  mentioned, 
opium  contains  extract,  which  forms  with  morphia  a  com- 
pound almost  insoluble  in  water,  but  very  soluble  in  acids. 
A  considerable  proportion  of  resin,  and  a  small  quantity  of 
caoutchouc,  enter  also  into  the  composition  of  opium.  These 
are  entirely  destitute  of  sedative  properties,  when  received 
into  the  stomach.  They  remain  after  acting  on  opium  first 
with  water,  and  afterwards  with  muriatic  acid.  When  the 
residue  is  digested  with  alcohol,  the  resinous  matter  is  taken 
Up;  and  from  the  remaining  mass,  which  has  resisted  the 
action  of  alcohol,  the  caoutchouc  may  be  extracted  by  rectified 
ether. 

Art.  2. — Of  Strychnia. 

Strychnia  was  detected  by  Pelletier  and  Caventou,  in  1818, 
in  the  fruit  of  the  Strychnos  Ntix  Vomica^  and  Sbychnos  Ignatia. 
The  bean  was  rasped  down  as  small  as  possible,  and  then  ex- 
posed to  the  action  of  heated  nitric  ether.  The  residue,  thus 
deprived  of  a  quantity  of  fatty  matter,  was  digested  in  alcohol, 
added  in  successive  portions  as  long  as  it  continued  to  dissolve 
any  thing.  The  alcoholic  solutions  were  evaporated,  and  the 
residue  dissolved  in  water.  From  the  watery  solution,  liquid 
potassa  threw  down  a  White  crystalline  precipitate ;  which  was 
strychnia.  It  was  purified  by  washing  it  with  cold  water,  dis- 
solving in  alcohol,  and  crystallizing  it.  Strychnia  was  sepa- 
rated also  from  the  bean  of  the  strychnos  ignatia  by  the  use  of 
magnesia,  in  the  same  manner  as  Robiquet  had  obtained  mor- 
phia from  infusion  of  opium. 

*  Ann.  do  Chim.  et  Fbys.  v.  p.  285. 
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Strychnia  crystallizes  in  very  small  four-sided  prisms,  ter- 
minated by  four-sided  low  pyramids.  It  is  white,  intensely 
bitter,  destitute  of  smell,  neither  fusible  nor  volatile  at  mo- 
derate temperatures,  very  sparingly  soluble  in  cold  water,  and 
even  in  hot  water,  of  which  it  requires  for  solution  2500  times 
its  weight.  But  though  it  is  not  soluble  in  less  than  from  6 
to  7000  parts  of  cold  water,  the  solution  may  be  diluted  with 
100  times  its  volume  of  water  without  losing  its  taste.  It  is 
one  of  the  most  virulent  and  active  poisons  yet  discovered. 
Haifa  grain,  blown  into  the  throat  of  a  rabbit,  brought  on 
locked  jaw  in  two  minutes,  and  in  five  minutes  proved  fatal. 

Strychnia  acts  as  a  base  to  acids,  and  forms  a  distinct  set  of 
salts,  which  are  described  in  the  Annals  of  Philosophy,  xvi.  SO, 
and  in  the  Ann.  dc  Chim.  et  Phys.  x.  142. 

Art.  3. — Of  Brucia. 

This  substance  was  also  extracted  by  Pelletier  and  Caven- 
tou  from  the  bark  of  the  Brucia  j^nlidysenierka.  The  bark 
was  first  digested  in  sulphuric  ether,  and  then  in  alcohol ;  the 
alcoholic  solution  evaporated ;  and  the  dry  residuum  dissolved 
in  water.  This  solution  was  saturated  with  oxalic  acid,  and 
evaporated  to  dryness.  Alcohol,  digested  on  the  residue,  took 
up  the  colouring  matter,  and  left  the  oxalate  of  brucia  pure. 
This  salt  was  decomposed  both  by  lime  or  magnesia,  which 
formed  insoluble  salts  with  the  oxalic  acid,  and  left  the  brucia 
soluble  in  water,  of  which  it  requires  500  parts  at  212%  and 
850  at  common  temperatures. 

Brucia  crystallizes  in  oblique  prisms  with  parallelograms  for 
their  bases.  It  has  a  bitter  taste,  but  less  so  than  strychnia. 
This  state  is  more  acrid,  however,  and  continues  for  a  longer 
time.  It  melts  when  heated  to  a  little  above  212%  and  con- 
geals on  cooling  into  a  mass  resembling  wax.  It  dissolves  in 
sulphuric  and  other  acids,  and  neutralizes  them,  affording  a 
distinct  class  of  neutral  salts.  (See  Ann.  of  Phil.  xv.  311,  or 
Ann.  deChim.  et  de  Phys.  xii.  113.) 

AuT.  4.-0/*  Delphia. 

This  alkaline  principle  was  detected  in  1819,  by  MM. 
Lassaigne  and  Feneulle,  in  the  seeds  of  the  Delphinium  Sia^ 
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physagria^  or  Slavesacrej  in  which  it  exists  united  with  malic 
acid.  The  seeds  were  well  cleaned  and  reduced  to  a  pulp; 
then  boiled  with  water ;  and  the  fluid  part  separated  by  a  filter. 
The  liquid  was  boiled  for  some  mintites  with  a  quantity  of 
pure  magnesia.  The  solid  part  of  this  mbcture  was  then  sepa- 
rated by  a  filter,  and  digested  in  boiling  alcohol.  From  this 
solution,  by  evaporation  at  a  gentle  heat,  delphia  was  obtained 
in  a  state  of  tolerable  purity. 

Delpliia  is  a  white  powder,  having  a  crystalline  texture 
while  moist,  but  becoming  opake  by  exposure  to  air.  Its 
taste  is  intensely  bitter  and  acrid ;  it  is  destitute  of  smell.  It 
melts  when  heated,  and  resembles  liquid  wax,  and  on  cooling 
becomes  hard  and  brittle  like  resin.  Cold  water  does  not 
dissolves  a  sensible  portion,  though  it  acquires  an  acrid  taste. 
Alcohol  and  sulphuric  ether  dissolve  it  readily,  and  the  former 
solution  gives  a  green  colour  to  syrup  of  violets,  and  restores 
the  blue  colour  of  litmus,  which  has  been  reddened  by  vinegar. 

Delphia  unites  with  acids,  and  forms  neutral  salts,  which 
are  all  very  soluble  in  water,  and  have  a  very  acrid  and  bitter 
taste.     (Ann.  of  Phil,  xvi.,  or  Ann.  de  Chim.  et  de  Phys.  xii.) 

.  Art.  5. — Of  Picroioxia. 

This  name  has  been  given  by  Boullay  to  the  acrid  narcotic 
principle  residing  in  the  cocculus  indicus,  the  fruit  or  berry  of 
the  Memspermtim  Coccuhis.  From  a  strong  infusion  of  the 
seeds,  ammonia,  added  in  excess,  precipitated  a  white  granular 
crystalline  powder.  This  powder,  after  being  washed  with 
cold  water,  partially  dissolved  in  alcohol  without  colouring  it; 
and  oo  the  spontaneous  evaporation  of  the  alcohol,  was  sepa- 
rated in  beautiful  silky  needles.  Similar  crystals  were  obtain- 
ed by  adding  pure  magnesia  to  an  alcoholic  infusion  of  the 
seeds.  A  greyish  deposit  was  formed,  which,  after  being  lixi- 
viated with  boiling  alcohol,  afforded  crystals  as  before. 

Picrotoxia,  thus  obtained,  has  the  following  properties : 

1.  It  is  white,  and  crystallizes  in  four-sided  prisms.  Its 
taste  is  disgustingly  bitter.  One  hundred  parts  of  boiling  wa- 
ter dissolve  only  four  of  picrotoxia,  and  of  this  one-half  is 
deposited  on  cooling.  The  solution  does  not  aflfect  vegetable 
blue  colours. 

2   Alcohol  of  the  specific  gravity  .810  dbsolves  one-third  its 
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weight  of  picrotoxia.  The  addition  of  a  little  water  throws 
down  a  precipitate,  which  a  larger  quantity  re-dissolves. 

S.  Sulphuric  acid  has  no  remarkable  action  on  picrotoxia. 
Nitric  acid  dissolves  it,  and  forms  a  yellowish  green  solution, 
which,  when  heated  and  evaporated,  yields  oxalic  acid.  It  dis- 
solves in  acetic  acid,  and  is  precipitated  by  carbonate  of  po- 
tassa.     It  is  soluble  also  in  weak  solutions  of  the  pure  alkalis. 

The  salts  of  picrotoxia  are  described  in  the  Annals  of  Phi- 
losophy, xvi.  83. 

Art.  6. — Of  Alropia. 

In  the  analysis  of  the  leaves  of  the  Atropa  Belladonna^  M. 
Brandos  found  that  pure  alkalis  precipitated,  from  the  decoc- 
tion of  the  leaves  in  water,  a  substance  which  had  alkaline 
propeities  like  morphia.  He  boiled  two  pounds  of  the  dried 
leaves  in  repeated  quantities  of  water,  mixed  the  decoctions, 
and  added  a  little  sulphuric  acid,  which  rendered  the  solution 
thinner,  and  enabled  it  more  yeadily  to  pass  the  filter.  The 
decoction  was  then  supersaturated  with  potassa,  by  which  he 
obtained  a  precipitate  that,  after  being  washed  with  pure  water 
and  dried,  weighed  89  grains.  It  consisted  of  small  crystals, 
from  which,  by  repeated  solution  in  acids  and  precipitation  by 
alkalis,  the  new  alkaline  substance,  atropia,  was  obtained  in  a 
state  of  purity. 

The  external  appearance  of  atropia  varies  considerably  ac- 
cording to  the  mode  of  its  preparation,  being  either  granular, 
or  flaky,  or  gelatinous,  like  precipitated  alumina.  When  per- 
fectly pure,  it  is  snow  white,  otherwise  it  has  a  yellow  tinge. 
It  is  quite  tasteless. 

Cold  water  has  scarcely  any  effect  upon  dried  atropia,  but 
dissolves  a  minute  portion  when  recently  precipitated,  and 
boiling  water  dissolves  still  more.  It  is  very  sparingly  soluble 
in  cold  alcohol,  but  boiling  alcohol  dissolves  it  readily,  though 
less  abundantly  than  morphia,  and  on  cooling  the  greater  part 
IS  again  deposited.  Elher  and  oil  of  turpentine  had  little 
effect  upon  it  even  at  a  boiling  heat.  Hot  oil  of  almonds  dis- 
solved a  much  larger  quantity  of  it,  and  seemed  to  become 
less  fluid. 

Atropia  forms  salts  with  acids,  the  greater  number  of  which 
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are  readily  soluble  in  water;  but  they  cannot  be  obtained 
without  such  an  excess  of  acid  as  affects  the  colour  tests. 
There  cannot,  however,  be  a  doubt  that  atropia  serves  as  a 
base,  and  is  a  true  alkali;  and  tliere  are  strong  reasons  for  be- 
lieving that  its  combinations  with  sulphuric  and  muriatic  acids 
are  hi'Stilphates  and  bi-muriales.  At  present  it  would  be  pre- 
mature to  assign  the  equivalent  of  this  alkali. 

Atropia  produces  violent  effects  on  the  animal  system,  and 
M.  Brandes  was  obliged  to  refrain  from  its  investigation  by  the 
unpleasant  symptoms  which  it  occasioned.  Even  the  vapour 
of  its  different  salts  produced  giddiness,  and  dilatation  of  the 
pupils  of  the  eyes.     (Ann.  of  Phil.  N.  S.  i.  263.) 

Art.  7. — Of  Feralria. 

In  July  1819,  MM.  Pelletier  and  Caventou  discovered  a 
new  vegetable  alkali  united  with  an  excess  of  gallic  acid  in  the 
seeds  of  the  l^eratrum  Sabadilla^  the  root  of  Veratrum  Albwn^ 
and  in  that  of  the  Colchicum  Autumnale.  After  acting  upon 
tlie  seeds  with  ether,  the  residue  was  digested  in  heated  alco- 
hol. By  its  action  a  coloured  tincture  was  obtained,  whicli, 
on  cooling,  deposited  white  flakes  analogous  to  wax.  The  li- 
quid portion,  evaporated  to  dryness,  was  soluble  in  cold  water, 
except  a  small  quantity  of  fatty  matter.  The  watery  solution, 
gently  evaporated,  deposited  an  orange-coloured  precipitate, 
and,  when  this  ceased  to  appear,  acetate  of  lead  was  poured 
into  the  residuary  liquor,  which  had  still  a  deep  colour*  Im- 
mediately a  very  abundant  yellow  precipitate  fell,  which  was 
separated  by  a  filter ;  and  the  liquid,  which  passed  through, 
was  almost  colourless.  It  contained,  beside  other  substances, 
acetate  of  lead,  from  which  the  lead  was  precipitated  by  sul- 
pbureted  hydrogen.  To  the  liquid,  filtered  and  concentrated 
by  evaporation,  magnesia  was  added,  and  it  was  again  filtered* 
The  dear  liquid  contained  acetate  of  magnesia  and  colouring 
matter;  the  magnesian  precipitate  was  washed  with  several 
portions  of  alcohol ;  and  the  alcoholic  solution  gave,  on  evapo- 
ration, a  powder  which  was  excessively  acrid,  and  had  dis- 
tinctly alkaline  characters. 

Veratria  is  white  and  pulverulent,  and  destitute  of  smell ; 
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but  when  inhaled  into  the  nostrils,  it  produces  violent  and 
dangerous  sneezing,  even  when  the  quantity  is  too.  small 
to  be  weighed.  Its  taste  is  acrid  in  the  highest  degree,  but 
without  any  bitterness.  In  very  minute  quantity,  it  produces 
dreadful  sickness  and  vomiting,  and  in  the  quantity  of  a  few 
grains  would  doubtless  prove  fatal. 

It  is  not  more  soluble  in  cold  water  than  morphia  or  strych- 
nia. Boiling  water  takes  up  1-lOOOth  of  its  weight,  and  ac- 
quires an  acrid  taste.  It  is  extremely  soluble  in  alcohol ;  and 
ether  also  dissolves  it,  but  in  less  quantity. 

Veratria  fuses  at  tlie  temperature  of  122%  and  has  then  the 
appearance  of  melted  wax  ;  on  cooling,  it  becomes  semi-trans- 
parent and  amber-coloured.  It  restores  to  blue  the  colour  of 
reddened  litmus  paper,  and  saturates  acids,  forming  with  them 
salts  which  are  not  crystallizable,  and  the  elements  of  which 
are  so  weakly  combined  as  to  be  separated  by  the  mere  action 
of  water.  Nitric  acid,  if  heated  and  concentrated,  alters  the 
arrangement  of  its  elements,  and  decomposes  it,  but  does  not 
produce  a  red  colour,  as  with  morphia,  strychnia,  and  bruciu. 
In  this  respect,  and  in  affording  acid  salts,  it  approaches  to 
picrotoxia.     (Ann.  de  Chim.  et  de  Phys.  xiv.  69.) 

Art.  8. — Of  Hyoscyama. 

In  the  Annals  of  Philosophy,  xvi.  69,  is  a  brief  notice  of 
another  alkali  extracted  by  M.  Brandes  from  Hyoscyamus 
Niger^  or  henbane.  It  is  not  easily  altered  by  a  high  tempera- 
ture, even  when  heated  to  redness  with  charcoal.  It  crystal- 
lizes in  long  prisms,  and,  when  saturated  with  sulphuric  acid, 
or  still  better  with  nitric  acid,  affords  very  characteristic  salts. 

Art.  9. — Of  Cinchonia  and  Quinia. 

Cinchonia  was  first  extracted  by  Dr.  Gom^s  of  Lisbon,  from 
Peruvian  bark  (Cinchona  Condamnea);  but  the  process  which 
he  followed,  leaving  it  united  with  some  other  matter,  it  was  at 
first  mistaken  for  a  resin.  MM.  Pelletierand  Caventou  were 
the  first  who  suspected  that  cinchona  contained  a  salifiable  base 
analogous  to  morphia  and  the  other  v^etable  aikalisi  and 
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verified  this  notion  by  examining  its  properties  in  a  state  of 
purity.  The  following  process  for  obtaining  it  is  given  by  M. 
Badollier,  Ann.  de  Cliim.  et  de  Phys.  xvii.  273. 

A  pound  of  yellow  bark,  bruised  small^  is  to  be  boiled  for  a 
quarter  of  an  hour  in  three  pints  of  a  very  dilute  solution  of 
purepotassa.  The  liquid,  after  being  suffered  to  cool,  is  then  to 
be  strained  through  a  fine  cloth  with  pressure,  and  the  residuum 
repeatedly  washed  and  pressed.  The  cinchona,  thus  washed, 
is  to  be  slightly  heated  in  a  sufficient  quantity  of  water,  adding 
muriatic  acid  gradually  until  litmus  paper  is  slightly  reddened. 
When  the  liquid  is  raised  nearly  to  the  boiling  point,  it  is  to 
be  strained,  and  the  cinchona  again  pressed.  To  the  strained 
liquor,  while  hot,  add  an  ounce  of  sulphate  of  magnesia,  and 
after  this  add  solution  of  potassa,  till  it  ceases  to  occasion  any 
precipitate.  When  the  liquor  is  cold^  collect  the  precipitate 
on  a  filter,  wash  and  dry  it«  and  dissolve  it  in  hot  alcohol.  On 
evaporation  of  the  alcohol,  the  cinchonia  crystallizes  in  delicate 
prisms. 

Cinchonia  thus  obtained  is  white,  translucent,  crystalline, 
and  soluble  in  2500  times  its  weight  of  boiling  water,  but  a 
considerable  part  separates  on  cooling.  Its  taste  is  bitter, 
though  long  in  being  developed  owing  to  its  insolubility ;  but 
its  acid  solutions  have  a  strong  taste  of  Peruvian  bark.  It  is 
neither  fusible  nor  volatile  at  moderate  temperatures.  It  is 
very  soluble  in  alcohol  and  ethcr^  and  sparingly  so  in  fixed  and 
volatile  oils. 

Cinchonia  restores  the  colour  of  litmus,  which  has  been  red- 
dened by  an  acid ;  unites  with  all  the  acids ;  and»  with  the 
greater  number,  forms  compounds  which  are  perfectly  neutral. 
The  sulphate  is  very  soluble,  has  an  intensely  bitter  taste,  and 
crystallizes  in  four-sided  prisms.  The  muriate  is  still  more 
soluble  in  water  than  the  sulphate ;  dissolves  in  alcohol ;  and 
crystallizes  in  delicate  prisms.  The  nitrate  is  not  crystallizable. 
The  oxalate,  tartrate,  and  gallate  of  cinchonia  arc  insoluble. 
Hence  it  is  that  infusion  of  galls  precipitates  the  decoction  of 
cinchonia.  (See  Ann.  de  Chim.  et  Phys.  xv.289,  337;  xvii. 
273,  316;  and  Ann.  of  Phil.  N.  S.  ii.  316). 

Quinia  was  discovered  by  Pelletier  and  Caventou  in  the  bark 
of  the  Cinchona  Cordifolia.    It  may  be  separated  by  a  prooMt 
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precisely  analogous  to  the  foregoing.  It  is  not  crystallizaUe, 
but,  when  dried,  presents  a  whitish  porous  mass,  almost  inso* 
luble  in  water,  but  extremely  bitter.  It  is  distinguished  also 
from  cinchonia  by  its  forming,  with  the  same  acid,  salts  which 
difier  as  to  their  form,  and  the  proportion  of  their  elements* 
The  sulphate  of  quinia  is  less  soluble,  but  fully  as  bitter  as  that 
of  cinchonia.  It  crystallizes  in  fine  needles,  which  have  the 
aspect  of  amianthus. 

Both  these  vegetable  alkalis,  when  decomposed  by  peroxide 
of  copper,  yield  only  water  and  carbonic  acid,  but  no  azote. 

According  to  Pelletier  and  Caventou,  the  Cinchona  Conda- 
minea  is  composed  of 

1.  Cinchonia  united  to  kinic  acid. 

2.  A  greenish  fatty  matter. 
8.  A  red  insoluble  matter. 

4.  A  red  soluble  matter  (a  variety  of  tan), 

5.  Yellow  colouring  matter. 

6.  Kinateof  lime. 

7.  Gum. 

8.  Starch. 

9.  Lignin. 

The  other  varieties  of  cinchona  present  the  same  ingre- 
dients in  different  proportions.  Vauquelin  found  that  those 
specimens  of  Peruvian  bark  possess  the  greatest  medicinal  ef- 
ficacy, whose  infusions  are  precipitated  not  only  by  infusion  of 
nut-galls,  but  by  solutions  of  gelatine,  and  of  emetic  tartar. 
The  inefficiency  of  all  these  agents,  when  applied  as  tests  to  an 
infusion  of  Peruvian  bark,  was  observed  to  take  place  only  in 
those  specimens,  which  experience  had  shown  to  be  destitute 
of  medicinal  virtues. 


SECTION  XVIII. 

Of  Stiber  and  its  Acid* 

This  name  has  been  usied  to  denote  oMnmon  cork  wood» 
which  appears  to  be  possessed  of  peculiar  properties,  especially 
in  its  relation  to  nitric  acid, 
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Cork-wood  appetrsi  however,  from  the  experimentfl  ofChcv- 
rtal,  to  contain  several  substancess  which  may  be  separated 
from  each  other  by  the  succewive  action  of  water  and  alcohol 
applied  by  means  of  a  small  Papin's  digester  of  a  peculiar  con- 
struction, which  he  has  described  in  the  Ann.  de  Chimie, 
xcvi.  149.  To  water  thus  raised  above  its  ordinary  boiling 
point,  cork  gave  out  an  aromatic  principle,  and  a  little  acetic 
acid,  which  passed  over  into  the  receiver.  The  watery  extract 
Contained  a  variety  of  substances,  viz.  two  colouring  matters, 
the  one  yellow,  the  other  red ;  an  acid,  the  nature  of  which 
was  not  determined ;  gallic  acid  ;  an  astringent  matter ;  gal- 
late  of  iron,  &c.  Twenty  parts  of  cork  thus  treated,  left  17.15 
of  insoluble  matter,  which,  when  digested  with  ^cohol,  yielded 
three  distinct  substances,  cerin,  resin,  and  a  peculiar  oil. 
When  the  alcohol  was  evaporated  to  one-sixth  and  set  aside, 
the  cerin  separate^  in  small  white  needles,  not  fusible  in  boil- 
ing water,  but  becoming  soft  and  settling  to  the  bottom.  Ce- 
rin, thus  obtained,  is,  in  a  very  small  degreci  more  soluble  than 
wax  in  alcohol,  1000  parts  of  boiling  alcohol  taking  up  2.42 
of  cerin  and  only  two  parts  of  wax.  Nitric  acid  gradually  dis- 
solves cerin,  and  changes  it  into  oxalic  acid.  Its  properties 
differ,  therefore,  from  those  of  the  substance  to  which  the 
same  name  was  given  by  Dr.  John  (see  page  275.) 

Of  the  20  parts  of  cork-wood  thus  successively  treated  with 
water  and  alcohol,  14  parts  remained  undissolved.  They  con- 
sisted of  suber,  probably,  however,  not  perfectly  pure :  but  of 
its  properties  in  that  state,  we  have  as  yet  no  accurate  know- 
ledge.    (See  Ann.  of  Phil.  ix.  52.) 

Brugnatelli  first  converted  cork  by  nitric  acid  into  an  acid 
having  some  of  the  properties  of  the  oxalic  and  benzoic,  but 
proved  by  the  subsequent  investigation  of  Bouillon  la  Grange 
and  Chevreul  to  be  a  distinct  and  peculiar  compound.  It  may 
be  prepared  from  cork- wood  by  the  following  process : 

To  a  quantity  of  cork,  grated  into  powder,  and  contained 
in  a  tubulated  retort,  add  six  times  iu  weight  of  nitric  acid, 
of  the  specific  gravity  1.260;  and  distil  the  mixture,  with  a 
gentle  h(»at,  as  long  as  any  red  vapours  escape.  As  the  dis- 
tillation advances,  a  yellow  matter,  like  wax,  appears  on  the 
surface  of  the  liquid.     While  the  contents  of  the  retort 
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contiiiae  hot,  they  are  to  be  ponred  into  a  gUuM  yeMel,  placed 
on  a  sand-bath,  and  constantly  stirred  with  a  glass  rod»  by 
which  means  the  liquid  gradually  becomes  thick.  As  soon 
as  white  penetrating  vapours  appear,  let  it  be  removed  from 
the  sand-bath,  and  stirred  till  it  becomes  cold.  An  orange- 
coloured  mass  will  be  obtained,  of  the  consistence  ci  honey, 
having  a  strong  and  sharp  odour  while  hot,  and  a  peculiar 
aromatic  smell  when  cold.  On  this,  pour  twice  its  weight  of 
boiling  water;  apply  heat  till  it  liquefies;  and  filter.  The 
filtered  liquor,  as  it  cools,  deposits  a  powdery  sediment,  and 
becomes  covered  with  a  thin  pellicle.  The  sediment  is  to  be 
separated  by  filtration ;  and  the  liquid  reduced,  by  evapora- 
tion, nearly  to  dryness.  This  mass  is  the  suberic  acid.  It 
may  be  purified,  either  by  saturating  it  with  alkali,  and  preci- 
pitating by  an  acid,  or  by  boiling  it  with  charcoal  powder. 
Suberic  acid  has  the  following  properties : 

1.  It  is  not  crystallizable. 

2.  It  has  an  acid  and  slightly  bitter  taste ;  and,  when  dis- 
solved in  boiling  water,  it  acts  on  the  throat,  and  excites 
coughing. 

8.  It  reddens  vegetable  blues,  and  changes  the  blue  solu- 
tion of  indigo  in  sulphuric  acid  to  green. 

4.  Cold  water  dissolves  about  -r^^h  its  weight,  and  boiling 
water  half  its  weight. 

5.  It  attracts  moisture  firom  the  air. 

6.  When  heated  in  a  matrass,  it  sublimes,  and  is  obtained 
in  concentric  circles,  composed  of  numerous  small  points. 

7.  With  alkalis,  earths,  and  metallic  oxides,  it  forms  a  class 
of  salts  called  Suberates. 


SECTION  XIX. 

Of  Bitumens. 

Though  bitumens,  on  account  of  their  origin,  are,  with 
more  propriety,  classed  among  mineral  substances;  yet,  in 
chemical  properties,  they  are  more  closely  allied  to  the  pro- 
ducts of  the  vegetable  Idngdom.    Like  vegetable  substances 

u  2 
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in  general,  they  burn  in  the  open  air,  and  with  a  d^ree  of 
brightness  that  surpasses  even  that  of  resins.  By  distillation 
per  se,  they  yield  weak  acetic  acid,  an  empyreumatic  oil,  some 
ammonia,  and  a  considerable  quantity  of  olefiant  and  carbu- 
reted hydrogen  gases,  with  occasionally  a  small  proportion  of 
carbonic  acid  and  sulphureted  hydrogen.  They  are  neither 
soluble  in  water  nor  in  alcohol,  and  in  the  latter  respect 
they  differ  from  resms.  There  can  be  little  doubt  that 
they  have  been  formed  originally  by  the  decomposition  of  ve- 
getables. 

The  bitumens  have  been  divided  into  liquid  and  solid. 
Formerly  it  was  supposed  that  the  liquid  bitumens  had 
been  derived,  by  a  sort  of  natural  distillation,  irom  the  solid ; 
but  Mr.  Hatchett  has  rendered  it  probable  that  the  solid 
biti^mens  result  rather  from  the  consolidation  of  the  fluid 
ones.* 

The  native  bituminous  substances  are  Naphtha,  Petroleum, 
Mineral  Tar,  Mineral  Pitch,  Asphaltum,  Jet,  Pit-Coal,  Bitu- 
minous Wood,  Turf,  and  Peat.  To  these  some  writers  have 
added  Amber  and  the  Honey-Stone. 

Naphtha  is  a  substance  well  known  to  mineralogists  as  a 
light,  thin,  often  colourless  oil,  highly  odoriferous  and  in- 
flammable, which  is  found  on  the  surface  of  the  water  of  cer- 
tain springs  in  Italy,  and  on  the  shores  of  the  Caspian  Sea. 
It  may  be  obtained  also  by  distilling  petroleum  at  a  low  degree 
of  heat.  It  has  a  penetrating  but  not  disagreeable  odour.  Its 
specific  gravity  is  about  .708,  or  according  to  Brisson  .84f5* 
Saussure  found  its  specific  gravity  in  its  natural  state  to  be  .886, 
after  one  rectification  .769,  and  after  two  .758 ;  but  it  could 
not  be  rendered  lighter  by  repeating  the  distillations.  It  does 
not  congeal  at  0^  Fahrenheit. 

Naphtha  is  very  volatile,  highly  inflammable,  and  burns 
with  a  penetrating  smell  and  much  smoke.  It  may  be  distilled 
without  alteration.  By  long  exposure  to  the  air  it  becomes 
thick  and  coloured,  and  passes  to  the  state  of  petroleum.  The 
addition  of  a  little  sulphuric  or  nitric  acid  produces  the  same 
change  more  speedily.    It  is  not  miscible  either  with  water  or 

*  linDssui  Transaction*;  179T. 
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with  alcohol,  unless  the  alcohol  be  pure,  and  then  the  latter 
unites  with  one-fifth.  It  combines  in  all  proportions  with  sul- 
phuric ether,  petroleum,  and  oils,  both  fixed  and  volatile.  It 
softens  caoutchouc,  but  does  not  effect  a  perfect  solution  of 
it.  When  heateil,  it  dissolves  sulphur  and  phosphorus^  but 
deposits  them  again  in  crystals  on  cooling. 

Naphtha  appears  to  be  the  only  fluid  we  are  acquainted 
with,  in  which  oxygen  does  not  exist  in  some  proportion. 
This  circumstance  renders  it  of  great  use  in  preserving  the  new 
metals  discovered  by  Sir  H.  Davy.  When  recently  distilled, 
they  have  no  action  on  it;  but  in  naphtha  that  has  been  ex- 
posed to  the  air,  these  metals  soon  oxidate ;  and  alkali  is  form- 
ed, which  unites  with  the  naphtha  into  a  kind  of  brown  soap. 
When  carefully  rectified,  Saussure  did  not  find  that  it  was 
at  ail  altered  by  being  kept  three  years  in  vials  half  full. 

Its  boiling  point  is  186%  Fahrenheit.  The  density  of  its 
vapour  is  2.833,  air  being  1 ;  and  at  72-^^  Fahr.  it  supports  a 
column  of  quicksilver  1.78  inch  in  height.  Dr.  Thomson 
fixes  the  boiling  point  of  Persian  naphtha  sp.  gr.  0.753  at  320^ 
Fahr.  and  the  sp.  gr.  of  its  vapour  at  2.263,  the  temperature 
being  55^  Fuhr.  A  mixture  of  this  vapour  with  common  air 
burns  like  carbureted  hydrogen  gas.  By  its  detonation  with 
oxygen  gas^  Saussure  determined  the  composition  of  naphtha 
to  be 

Carbon 87.21 

Hydrogen 12.79 


100 


# 


This  would  indicate 

6  atoms  of  carbon 36    83 

5  ditto  of  hydrogen 5    12 

41  100 

Dr.  Thomson  analyzed  Persian  naphtha  by  igniting  it  with 
peroxide  of  copper,  and  obtained  gaseous  products  indicating 
82.2  carbon  +  14.8  hydrogen  in  100  of  naphtha,  leaving  a 


*  Tboin90D*9  Annals,  x.  118. 
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deficiency  of  5  per  cent  which  he  ascribea  to  asote.  The  pro-^ 
portion  oF  the  atomB  of  carbon  to  those  of  hydrogen,  best  ac* 
cording  with  these  experiments,  would  be  14*  of  the  former  to 
IS  of  the  latter.* 

Dr.  Ure's  analysis  of  naphtha  sp.  gr.  0.857  obtained  by  dis- 
tillation from  petroleum,  assigns  moreover  an  atom  of  oxygen, 
viz» 


Carbon  .•. 

. ..  22  atoms  ....  132   •«..  82.5 

Oxygen  .  •  • 

•  • .     1    ditto   ....       8....     5. 

Hydrogen  . 

..  20  ditto   ....    20   ....  12.5 

160  100. 

According  to  this  view,  naphtha  should  consist  of  20  atoms 
of  olefiant  gas,  +  1  of  carbonic  oxid%  +  1  of  free  carbon. 
It  is  probable,  however,  that  the  two  last  elements  are  to  be 
ascribed  to  the  impurity  of  the  specimen  submitted  to  analysis, 
which  seems  to  have  had  a  greater  specific  gravity  than  belongs 
to  highly  rectified  naphtha.  This  want  of  agreement  between 
different  results,  points  out  the  necessity  of  a  fresh  analysis  of 
naphtha. 

Petroleum  is  considerably  thicker  than  naphtha,  and  has 
a  greasy  feel.  It  is  imperfectly  transparent,  and  of  a  reddish 
brown  colour.     Its  specific  gravity  is  .878. 

When  distilled  per  se,  a  portion  of  colourless  naphtha  is 
first  obtained;  then  an  empyrcumatic  acid  liquor;  next  a 
thick  brown  oil ;  and  a  portion  of  black  shining  coal  remains 
in  the  retort. 

Petroleum  is  highly  inflammable.  Sulphuric  and  nitric 
acids  convert  it  into  a  thick  bitumen ;  and  exposure  to  the 
air  produces  the  same  eiFect  more  slowly.  It  has  the  property 
of  combining  with  fat  and  essential  oils,  with  resins,  camphor 
and  sulphur,  and,  when  rectified,  it  dissolves  caoutchouc. 

Mineral  Tar  is"  thicker  and  more  viscid  than  petroleum, 
and  of  a  reddish  or  blackish  brown  colour.  In  chemical  pro- 
perties it  resembles  petroleum. 

The  solid  bitumens  are  Maltha,  Asphaltum,  and  Elastic 


♦  Ann.  ofPhil.  xr,30r. 
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Bitumen  or  Mineral  Caoptchooc,  besides  the  several  varieties 
of  Coal  and  Peat, 

Mai^tha  or  MiNBRAL  PITCH  bas  a  brownish  black  colour, 
and  little  or  no  lustre.  It  is  so  soft  that  it  is  impressed  by  the 
nails,  but  does  not  stain  the  fiugers.  Its  speoific  gravity  ia 
from  1.45  to  2.06.  It  is  extremely  inflammable,  and  bums 
with  a  bright  flame,  leaving  only  a  small  quantity  of  ashes. 

AsFHALTUM  iff  browuish  black  in  its  colour,  is  brittle, 
shining,  and  does  not  stain  the  fingers.  Its  specific  gravity 
varies  from  1.07  to  1.65.  It  is  extremely  inflammable,  and 
burns  with  a  yellow  flame.  By  distillation  per  se^  it  yields  a 
light  brown  oil  resembling  naphtha,  a  portion  of  water  im- 
pregnated with  ammonia,  and  a  quantity  of  carbureted  hy- 
drogen gas.  It  has  been  analyzed  by  Klaproth,  whose  accounts 
of  it  may  be  seen  in  the  second  volume  of  his  ^^  Contribu-* 
tions." 

The  appropriate  solvent  of  asphaltum  is  naphtha,  of  which 
its  requires  five  times  its  weight.  The  solution  is  of  a  deep 
black  colour,  and  forms  an  excellent  varnish. 

£la.stic  bitumen  or  mineral  caoutchouc,  is  a  rare  pro* 
duction  of  nature^  and  has  hitherto  been  found  only  in  Der- 
byshire. It  is  inflammable,  and  burns  with  much  sm6ke.  By 
a  gentle  heat  it  is  melted  and  converted  into  petroleum,  maltha^ 
or  asphaltum.    It  resists  the  action  of  solvents. 

Retinasphaltum  is  also  a  rare  production  of  the  same 
county.  It  has  no  elasticity ;  but  is  brittle,  and  breaks  with  a 
glassy  fracture.  Its  colour  is  pale  ochre  yellow  ;  its  specific 
gravity  1.135.  It  melts  on  the  application  of  heat,  and  bums 
with  a  bright  flame.  It  is  partially  soluble  in  alcohol,  potassa, 
and  nitric  acid.  One  hundred  parts  contain  55  resin,  42  as- 
phaltum, and  3  earthy  matter. 

Pit«coal  is  a  general  term,  applied  to  several  distinct  va- 
rieties of  minerals.  They  have  been  divided  by  Werner  into 
the  three  families  of  brown  coal,  black  coal,  and  glance  coal 
or  mineral  carbon. 

I.  Brown  coal  is  only  imperfectljr  bitumenized,  and  exhibits, 
distinctly,  the  remains  of  the  vegetables,  from  whose  decay  it 
)ias  originated*    It  is  brown^,  opaque,  somewhat  flexible  m^ 
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elastic^  and  nearly  light  enough  to  float  on  water.  It  bums 
with  a  clear  flame,  and  with  a  bituminous  odour  mixed  witb 
that  of  sulphur.  In  the  mode  of  its  combustion,  as  well  as 
in  its  external  appearance,  it  bears  a  considerable  resemblance 
to  wood  that  has  been  half  charred. 

II.  Black  coal  is  the  substance  which  is  commonly  applied 
to  the  purposes  of  fuel.  It  shows  no  remains  of  the  v^elables 
from  which  it  has  originated ;  but  appears  to  be  a  compound 
of  bitumen  and  charcoal ;  and  according  to  the  proportion  of 
these  two  ingredients,  its  pro})crties  yary  considerably.  The 
best  kinds  melt  oq  the  application  of  a  moderate  heat,  and 
bum  almost  entirely  away,  with  a  clear  bright  flame.  By 
distillation,  they  yield  a  quantity  of  water  holding  carbonate 
and  sttiphuret  of  ammonia  in  solution ;  a  large  proportion  of 
tar  is  obtained,  which,  by  evaporation  and  fusion,  forms  a 
kindofasphaltum;  and  an  immense  production 'takes  place  of 
olefiant  and  carbureted  hydrogen  gases,  which  may  be  advan- 
tageously applied  to  burning  in  lamps.  (See  vol.  i.  p.  418.) 

In  the  retort,  a  hard  heavy  charcoal  remains  called  coke^ 
It  contains  generally  af;ood  deal  of  sulphur ;  and  emits,  during 
combustion,  a  sufibcating  smell  of  sulphurous  acid. 

The  Wemerian  arrangement  of  black  coal  into  six  sub- 
species, does  not  appear  to  Dr.  Thomson  applicable  to  the  dif- 
ferent kinds  of  coal  which  are  found  in  Great  Britam.  He 
proposes  four  subdivisions  only,  which  he  distinguishes  by  the 
following  names, 

1.  Calnng.  coalj  so  called  because  its  fragments  melt  at  a 
certain  temperature,  and  unite  into  one  mass.  The  coal  of 
Newcastle,  which  is  carried  to  London,  and  also  much  of  the 
coal  found  in  the  neighbourhood  of  Manchester,  and  in  va- 
rious other  parts  of  the  kingdom,  belong  to  this  species. 

2.  Splint  coal,  or  splerU  coal,  which  has  received  its  name 
from  the  splintery  appearance  of  its  cross  fracture.  It  has 
also  been  called  hard  coal  from  the  difficulty  of  breaking  iL 
It  is  the  sort  best  adapted  for  making  coke,  and  extracting  iron 
from  its  ores;  though,  when  it  cannot  be  obtained,  other  va- 
rieties of  coal  are  applied  to  those  purposes. 

8.  Cherry  cocr/.*— This  coal  abounds  in  the  neighl>ourhood  of 
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GHasgow  and  in  Staffordshire.  It  has  considerable  lustre, 
both  in  its  principal  fracture,  which  is  datey,  and  in  its  cross 
fracture,  which  is  flat  and  conchoidal.  It  is  of  about  the  same 
degree  of  hardness  as  caking  coal,  and,  being  very  easily  fran- 
gible, there  is  considerable  loss  in  mining  iu  It  readily  catches 
fire,  bums  with  a  clear  yellow  flame,  and  is  consumed  niudi 
faster  than  either  of  the  foregoing  species.  -  It  abounds  in  the 
neighbourhood  of  Glasgow  and  of  Birmingham. 

4.  Cannel  coal  is  a  very  well  characterized  species.  It  is 
found  of  the  best  quality  and  in  the  greatest  abundance  at  Wi* 
gan  in  Lancashire.  Its  great  combustibility,  and  the  vivid 
light  which  it  emits,  have  occasioned  its  being  sometimes  sub- 
stituted for  candles.  As  it  does  not  at  all  soil  the  fingers,  and 
is  easily  turned  by  a  latlie,  it  is  made  into  snufi'-boxes,  ink- 
stands, and  various  trinkets. 

The  fluid  and  gaseous  substances  obtained  by  the  analysis 
of  pit-coal  are  to  be  regarded,  not  as  mere  products  which  pre- 
existed in  the  coal  in  the  same  state  as  that  in  which  they  arc 
evolved,  but  as  generated  by  the  action  of  heat  in  effecting  a 
new  arrangement  of.  their  ultimate  elements.  Dr.  Thomson, 
therefore,  considers  the  ultimate  analysis  of  coal  as  alone  capa- 
ble of  giving  any  satisfactory  information  of  its  nature.  With 
this  view  he  analyzed  the  different  species,  by  combustion  with 
peroxide  of  copper.  The  proportion  of  incombustible  matter 
in  each  species  was  found  to  be  as  follows : 

In  100  grains  of  caking  coal 1.5 

In  100  grains  of  splint  coal •  • .     9.5 

In  100  grains  of  cherry  coal 10. 

In  100  grains  of  cannel  coal 11. 

The  quantity  of  coke  formed,  and  of  volatile  matter  dissi- 
pated, from  1000  parts,  are  expressed  in  the  following  Table. 

From  1000  parts  of  Weight  of  Coke.  Volatile  Matter. 

Caking  coal 774.0    226. 

Splint  coal 647.3   S52.7 

Cherry  coal 522.5   477.5 

Cannelcoal 400 600. 
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The  two  following  Tables  exhibit  the  resolto  of  Dr.  Thom^ 
son's  analysis  of  the  four  different  species  of  coaL 

I.  Conslituevls  ly  Weight. 


Carbon. 

Hydrogen. 

Azote. 

Oxygen.l  Total. 

Caking  coal 

Splint  coal 

Cherry  coal 

Cannel  coal 

75.28 
75.00 
74.45 
64.72 

4.18 

6.25 

12.40 

21.56 

15^6 

6.25 

10.22 

13.72 

4^8 

12.50 

2.93 

0.00 

100 
100 
100 
100 

II. 

Constituents  in  Atcms. 

Carbon. 

Hydrogen. 

Azote. 

Oxygen. 

Number 
of  atoms. 

Caking  coal 

I^lint  coal 

Cherry  coal 

Cannel  coal 

33 

34 
11 

11 
14 
34 
22 

3 

1 
2 

1 

1.5 
3.5 

1 
0 

48.5 
46.5 
71 
34 

Dr.  Ure  has  given  different  results  for  splint  and  cannel 
coal  (Phil.  Trans.  1822,  p.  471.)  But  as  azote  isnot  included 
in  them,  and  as  all  the  specimens  of  these  two  varieties  of  coal, 
which  I  have  ever  tried,  have  yielded  ammonia  by  distillation^ 
I  cannot  consider  the  atomic  constitution,  which  he  has  as- 
signed to  these  two  bodies,  as  correct.  It  appears  to  me, 
however,  that  he  is  nearer  the  true  proportion  of  oxygen,  viz. 
21.05  in  100  parts  of  cannel  coal,  and  24.8  in  100  of  splint 
coal ;  for  the  quantity  of  products  into  which  oxygen  enters 
(water,  carbonic  acid,  and  carbonic  oxide),  obtained  by  the 
destructive  distillation  of  coal,  indicates  a  considerable  propor- 
tion of  that  element. 

Naphthaline* — This  substance,  though  not  a  native  bitu- 
men, may  be  described  in  this  place,  as  one  of  the  products  of 
the  decomposition  of  coal.  It  is  produced  abundantly  in  the 
first  and  second  distillations  of  coal  tar;  and  separates  sponta- 
neously, especially  in  cold  weather,  from  the  volatile  oil  which 
comes  over.  After  being  purified  as  completely  as  possible, 
from  the  oily  matter  which  adheres  to  it,  by  being  pressed  be- 
tween folds  of  blotting  paper,  it  may  be  dissolved  in  heated  al- 
cohol, from  which  it  separates  again  on  cooling.    After  r^ 
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peated  solutions  and  crystallisations,  it  is  obtained  in  brilliant 
white  scaley  crystals,  similar  to  benzoic  acid,  but  of  a  more 
silvery  lustre. 

Naphthaline  has  a  pungent  and  aromatic  taste^  and  a  pene- 
trating smell,  which  adheres  permanently  to  any  substance 
that  is  brought  into  contact  with  it.  It  is  smooth  and  unctuous 
to  the  touch.  Its  speciBc  gravity  a  little  exceeds  that  of  wa* 
ten  It  is  less  volatile  than  camphor^  melts  at  about  180^  (168^ 
Ure)  and  boils  at  410°  Fahr.  On  cooling,  it  assumes  a  dis- 
tinctly crystalline  structure. 

It  is  not  very  easily  inflamed,  but  when  set  on  fire,  it  bums 
with  a  copious  dense  smoke.  It  does  not  aifect  the  colours  of 
litmus  or  turmeric.  It  is  insoluble  in  cold  water,  and  very 
sparingly  in  hot  water.  It  is  readily  soluble  in  alcohol  and  ether, 
and  in  both  those  fluids,  when  heated,  it  dissolves  to  almost 
any  amount.  It  is  soluble  in  fixed  and  essential  oils ;  in  ace- 
tic and  oxalic  acids,  to  each  of  which  it  imparts  a  pink  colour ; 
and  in  diluted  mineral  acids.  Of  all  its  characters,  its  ready 
disposition  to  crystallize  is  perhaps  the  most  remarkable. 
These  crystals  are  rhombic  plates,  the  greater  angle  of  which 
varies  from  100°  to  105°,  and  which  are  arranged  so  as  to  in* 
tersect  each  other  and  to  form  cells.* 

The  only  analysis  of  naphthaline  that  has  been  published  is 
that  of  Dr.  Ure.  He  assigns  to  it  the  following  atomic  con* 
stitution,  but  expresses  some  doubts  as  to  the  perfect  accuracy 
of  his  results,  on  account  of  the  difficulty  of  effecting  the  com- 
plete combustion  of  the  carbon  of  so  volatile  a  body.  It  ap- 
pears to  consist  of 

Carbon 2  atoms  ....  12    ....  92.9 

Hydrogen  .•••..  1  atom    ....     1    ....     7.1 

13  100. 

The  absence  of  oxygen,  first  pointed  out  by  Mr.  Brande,  is 
confirmed  by  this  analysis.  (Phil.  Trans.  1822,  p.  473.)  There 
can  be  little  doubt,  indeed,  that  naphthaline  is  compounded  of 
carbon  and  hydrogen  only. 

♦  Brande,  Quarterly  Joarn.  viii.  287;  Ann.  of  Phil.  xv.  75;  Professor 
Kidd's  Memoir  ip  Phil;  Trans.  ISl^l,  p.  S14. 
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III.  Glance  coal  tippesLn  to  be  chiefly  pure  charcoal  with 
Tery  little  bitamen,  accompanied  only  by  a  proportion  of 
earthy  matter.  It  18  found  at  Kilkenny,  and  is  common  in 
some  parts  of  tliis  kingdom,  where  it  is  known  by  the  name  of 
sione  coaL  It  bams  with  little  or  no  flame ;  and,  when  sub- 
mitted  to  distillation,  yields  no  tar,  and  a  sort  of  carbureted 
hydrogen  gas  in  small  quantity,  which,  from  its  inferior  den- 
sity, cannot  be  advantageously  burned  in  lamps. 

In  PEAT  OR  TURF,  the  remains  of  vegetable  organization  arc 
generally  very  evident;  and  it  consists,  indeed,  in  a  great 
measure,  of  fibres  of  several  mosses,  with  occasionally  whole 
branches,  and  even  trunks,  of  various  trees.  It  is  extremely 
inflammable  in  the  open  air;  and,  when  distilled  in  close 
vessels,  yields  products  similar  to  those  of  coal.  The  gas, 
however,  which  is  evolved,  approaches  more  in  its  characters 
to  carbonic  oxide  than  to  carbureted  hydrogen.  In  an  excel- 
lent account  of  this  substance,  given  by  Mr.  Jameson  in  his 
Mineralogy  of  the  Shetland  Isles,  peat  is  said  to  contain  the 
^  suberic  add.  The  sulphates  of  iron,  soda,  and  magnesia,  are, 
also^  occasionally  found  as  ingredients  of  peat;  and,  when  in 
considerable  proportion,  impair  its  combustibility. 

Mellilite,  or  uoney-stone,  so  called  from  the  resem- 
blance of  its  colour  to  that  of  honey,  is  a  very  rare  produc- 
tion, and  has  been  found,  accompanying  brown  coal,  in  a 
very  few  parts  of  the  continent.  It  is  consumed  when  ig- 
nited in  the  open  air,  but  without  flame  or  smoke.  When 
long  boiled  in  water,  it  yields  a  solution,  which,  on  being 
concentrated  and  mixed  with  alcohol,  becomes  pitchy.  By 
continueil  trituration,  however,  it  is  dissolved,  with  the  exce^)- 
tion  of  some  earthy  flocculi.  The  clear  liquid,  decanted  and 
evaporated,  yields  a  brownish  saline  mass ;  from  which,  by 
two  successive  evaporations  and  solutions,  needle-shaped  crys- 
tals are  obtained.     These  are  the  pure  mellUic  acid. 

The  taste  of  this  acid  is  sweetish,  and  at  the  same  time  sour, 
with  some  bitterness.  It  is  combustible  when  ignited  in  the 
air ;  and  is  decomposed  by  nitric  acid,  without  the  production 
of  any  oxalic  acid.  Dropped  into  the  watery  solutions  of 
lime,  baryta,  or  strontia,  it  gives  a  precipitate,  which  is 
soluble  in  muriatic  acid.     With  acetates  of  baryta  and  lead. 
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and  nitrates  of  mercury  and  iron,  it  gives,  predpitaies^  which 
are  soluble  in  nitric  acid.  It  neutraliases  the  diree  alkalies, 
and  affords  with  them  crystallizable  salts. 


SECTION  XX. 

Of  the  Vegetable  Principles  of  Asparagus^  Elm^tree  GuWj 
Elecampane,  Mushrooms^  Saffrmi,  Tobacco,  Ipecacuanha,  Sec. 

By  an  attentive  examination  of  the  products  of  vegetation, 
some  new  substances  have  been  discovered,  the  properties  of 
which  do  not  agree  with  those  of  any  diat  have  been  the  sub- 
jects of  the  preceding  sections.  Of  this  number,  some  cannot 
be  considered  as  sufficiently  investigated  to  be  received  as  dis- 
tinct principles;  and  others  are  limited  to  so  few  plants,  that 
there  appears  to  be  a  propriety  in  describing  them  apart  from 
the  more  general  products  of  vegetation. 

1.  Asparagin*  From  the  juice  of  asparagus,  concentrated 
by  evaporation,  Messrs.  Vauquelin  and  Kobiquet  observed  a 
considerable  number  of  crystals  to  separate  q)ontaneously.* 
Of  these,  some  became,  after  repeated  crystallizations,  per- 
fectly white  and  transparent.  They  were  cool  and  slightly 
nauseous  to  the  taste;  were  soluble  in  water;  and  neither  a& 
fected  the  re-agcnts  for  acids  nor  alkalis.  The  infusion  of 
galls,  acetate  of  lead,  oxalate  of  ammonia,  muriate  of  baryta, 
and  hydro-sulphuret  of  potassa,  produced  no  change  in  the 
solution ;  and  no  ammonia  was  disengaged  by  potassa.  When 
burned  in  a  platina  crucible,  they  swelled  up  and  emitted 
penetrating  vapours,  which  affected  the  eyes  and  nose  like 
the  smoke  of  wood ;  and  lefi  a  large  proportion  of  charcoal, 
in  which  no  traces  of  alkali  could  be  discovered.  Towanls 
the  close  of  the  decomposition,  an  odour  arose  similar  to  that 
of  animal  matter,  and  inclining,  also,  to  tliat  of  ammonia. 
It  appears,  therefore,  that  this  substance,  though  crystalli^ 
i^le,  cannot  be  considered  as  a  neutral  salt  for  it  contains 
neither  alkali  nor  earth.    Like  other  v^etable  matters  it  ap- 

*  Nicholson's  Joomsl,  xv.  349. 
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pears  to  eonrist  of  bydrogeo,  oxygen,  and  charooal,  in  pro- 
portions not  yet  determined^  with  perhaps  some  nitrogen. 

2.  Ulmin.  In  the  year  1802,  Klaproth  received  from  Pa- 
lermo, a  substance  which  exudes  spontaneously  from  a  species 
of  elm,  .and  which,  in  external  characters,  bore  a  considerable 
resemblance  to  gum.  It  dissolved  in  a  small  quantity  of  water, 
and  gave  a  transparent  solution  of  a  blackish  brown  colour, 
which  was  not,  however,  mucilaginous,  and  could  not  be  ap- 
plied to  the  purpose  of  a  paste.  Nitric  acid  precipitated  from 
the  solution  a  light  brown  substance,  which  was  soluble  in 
alcohol,  though  the  gum  itself  resisted  that,  solvent  Oxy- 
muriatic  acid  produced  a  similar  effect.  The  property  of 
producing  a  resin  by  the  addition  of  a  little  oxygen,  is  pecu- 
liar to  this  substance,  and  sufficiently  characteristic.  Dr. 
Thomson  has  proposed  for  it  the  name  of  Ulmin  s  and  he 
and  Mr.  Smithson  have  paid  much  attention  to  the  in- 
vestigation of  its  properties.**  It  appears  to  be  a  very  com- 
mon vegetable  product,  exuding  from  various  trees,  and  ex- 
isting, according  to  Berzelius,  in  the  bark  of  most.  When 
pure  it  is  tasteless;  sparingly  soluble  in  water  and  in  alcohol; 
not  precipitated  by  acids,  gelatine,  or  tan ;  and  very  soluble 
in  alkaline  carbonates,  from  which  it  is  separated  by  acids  and 
metallic  salts. 

S.  Inulin.  When  the  roots  of  the  inula  heleniumj  or  ele- 
campane, are  boiled  some  time  in  water,  the  decoction,  after 
standing  some  hours,  deposits  some  white  powder  like  starch, 
but  differing  in  its  chemical  qualities.  Rose,  who  was  the  first 
person  thiU;  investigated  its  properties,  found  that  it  is  insolu- 
ble in  cold  water,  but  that  it  readily  dissolves  in  four  times  its 
weight  of  boiling  water  into  a  liquid  which  is  somewhat  muci- 
laginous and  not  quite  transparent.  After  some  hours,  the 
substance  precipitates  from  the  water,  in  the  form  of  a  white 
powder ;  and  it  may  also  be  thrown  down  by  alcohol.  When 
placed  on  burning  coals,  it  melts  as  readily  as  sugar ;  emits  a 
similar  smell ;  and  is  consumed,  leaving  a  very  small  residuum 
of  charcoal.     When  treated  with  nitric  acid,  is  yields  oxalic 

*  8«e  his  AnmdB  of  Philos.  vols.  1  and  S  j  and  Mr.  Smithson's  pap«r, 
Phil  Traiw.  181S. 
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and  malic  acids ;  or  acetic  acid  if  too  much  nitric  acid  be  em* 
ployed.  It  differs,  however,  from  gam  in  not  affording,  by 
this  treatment,  any  saecholactic  acid ;  and  from  starch  (be- 
sides separating  spontaneously  from  hot  water,)  in  yielding 
none  of  the  waxy  matter,  which  is  formed  when  starch  is 
digested  with  the  same  acid. 

Inulin  has  since  been  examined  by  M.  Oaultier  de  Claubry, 
who  has  pointed  out  the  following  characters  as  discriminating 
It  from  fecula  or  starch.  It  is  much  more  soluble  than  starch 
in  hot  water,  with  which  it  does  not  form  a  jelly,  but  is  deposited 
on  cooling  in  the  form  of  a  white  powder.  It  dissoWes,  ako, 
in  four  or  five  times  its  weight  of  water  at  140^  Fahrenheit, 
and  the  solution,  when  evaporated,  becomes  viscous,  but  not 
gelatinous.  With  iodine,  it  forms  a  greenish-yellow  com- 
pound, which  is  spontaneously  decomposed,  in  part  at  least, 
in  a  short  space  of  time.  The  inulin  remains  lightly  coloured 
yellow,  and  retains  a  portion  of  iodine.  Muriatic  acid,  as 
well  as  solutions  of  pure  alkalis,  render  starch  gelatinous, 
but  dissolve  inulin  without  giving  any  jelly.  Concentrated 
sulphuric  acid,  which  carbonizes  starch,  and  is  at  the  seme 
time  converted  into  sulphurous  acid,  dissolres  inulin  without 
any  extrication  of  sulphurous  acid;  and  the  inulin  may  be 
precipitated  by  ammonia.  These  properties  appear  to  be  suf- 
ficiently characteristic  to  entitle  inulin  to  be  considered  as  a 
distinct  vegetable  substance.  To  obtain  it  in  a  state  of  purity, 
M.  de  Claubry  recommends  to  boil  the  roots  of  elecampane 
in  a  sufficiently  large  quantity  of  water ;  to  filter  the  liquor, 
and  to  evaporate  it  to  the  consistence  of  an  extract,  which  is 
to  be  washed  with  cold  water.  From  the  washings,  there 
falls  a  considerable  quantity  of  inulin,  which  is  to  be  gently 
dried,  not  however  on  filtering  paper,  as  it  adheres  to  this  too 
firmly  to  be  got  off.* 

Inulin  has  been  found  by  Pelletier  and  Caventou,  in  the  root 
of  the  Colchicum  Autumnale,  remaining  after  the  successive 
action  of  ether,  alcohol,  and  water.  To  distinguish  it  from 
starch,  they  pour  into  a  decoction  of  the  substance  supposed 
to  contain  inulin,  an  infusion  of  nutgalls.     An  immediate  pre<- 


•  94  Ann.  de  Cbim.  ^200. 
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dpitation  ensoes.  On  heating  the  liquor  gradually,  the  pre- 
cipitate is  redissoked  at  about  122^  Fahr.  if  the  starch  be 
pure,  but  if  ipulin  be  present  it  is  not  redissolved  till  the  liquid 
approaches  812^.  .  (Ann.  de  Chim.  et  Phys.  xiv.  82.)  Inulin 
constitutes  an  ingredient  also  of  the  roots  of  the  Anlhemis 
Pyrethrum^  and  of  the  Angelica  Arcliangellca^  and,  according 
to  Dr.  John,  of  the  gall  nut.    (Do.  viiL  102.) 

4.  FungUt.  This  substance  has  been  extracted  by  Bracon- 
not*  from  the  fleshy  part  of  mushrooms.  It  may  be  obtained 
by  washing  c^the  soluble  ingredients  with  hot  water,  to  which 
a  little  alkali  has  b^n  added.  There  remains  a  whiter  insipid, 
soft,  and  but  little  elastic  substance.  It  has  a  fleshy  structure, 
and  is  in  a  high  degree  nutritious,  and  free  from  deleterious 
properties.  When  dry,  it  bums  vividly,  and  emits  an  odour 
resemblingthat  of  bread.  By  destructive  distillation,  it  yields 
ammonia,  and  not  an  acid  like  wood.  It  difiers,  also^  from 
lignin,  in  being' itisoluble  in  alkaline  solutions,  except  when 
they  are  heated  and  very  strong.  Pure  ammonia  dissolves  a 
portion  of  it,  but  dqiosits  it  on  exposure  to  air. 

Weak  sulphuric  acid  has  no  action  on  fungin.  The  con- 
centrated acid  chars  it,  and  sulphurous  and  acetic  acids  are 
formed.  Muriatic  acid  dissolves  it  slowly,  and  converts  it 
into  a  gelatinous,  matter.  When  heated  with  diluted  nitric 
acid,  azotic  gas  is  disengaged.  In  this  property,  and  in  the 
results  of  its  putrefaction,  as  well  as  in  yielding  ammonia  on 
distillation,  it  approaches  very  nearly  to  animal  substances. 

5.  Polycliroiie.  This  name  has  been  given,  by  Bouillon  La 
Grange  and  Vogel,  to  the  extract  of  saffron  prepared  with 
alcohol.  It  has  a  very  intense  yellow  colour,  a  bitter  taste* 
and  an  agreeable  smell.  It  is  soluble  in  water  and  in  alcohol ; 
and  the  solution,  by  exposure  to  light,  gradually  loses  its 
colour,  which  is  destroyed,  also,  by  chlorine.  A  few  drops  of 
sulphuric  acid  change  the  colour  to  a  beautiful  blue ;  and  ni- 
tric acid,  added  in  like  manner,  to  green. 

Polychroite  unites  with  lime,  pota8sa,and  baryta,  and  affords 
with  those  bases  soluble  compounds.  Sulphate  of  iron  preci- 
pitates it  of  a  dark  brown  colour.     By  destructive  distillation, 

79  Ana  de  Cbim.  967* 


Digitized  by  VjOOQIC 


teCT,  XX,  NICOTIN^   Sec.  S04 

it  yields  an  acid  liquor  containing  ammonia,   and  carbonic 
acid  and  carbureted  hydrogen  gases. 

6.  Htsmatin  is  the  colouring  matter  of  the  Hternatoxt/lon 
Campechianunif  or  Logwood,  and  was  first  recognised  by 
Chevreul  as  a  distinct  vegetable  substance.  To  obtain  it, 
iligcst  finely  ground  logwood,  for  several  hours,  in  water  of  a 
temperature  between  120°  and  130°.  Let  the  filtered  liquor 
be  evaporated  to  dryness,  and  the  residue  be  digested  for  a 
whole  day  in  alcohol  of  sp.  gr.  0.835.  Filter  the  solution, 
concentrate  it  by  evaporation,  then  add  a  little  water,  evapo- 
rate a  little  farther,  and  leave  it  to  itself.  Small  brilliant 
crystals  will  be  deposited  in  abundance,  of  a  reddish-white 
colour,  and  a  slightly  bitter,  astringent,  and  acrid  taste. 
They  are  soluble  in  boiling  water,  and  impart  to  it  an  orange 
red  colour,  which  becomes  yellow  when  the  liquid  cools,  but  is 
restored  by  heat.  The  solution  on  eva|K>ration  again  yields  crys- 
tals of  heematin.  Acids,  with  the  exception  of  the  sulphurous 
acid,  which  destroys  its  colour,  render  the  solution  first  j'ellow 
and  then  red.  Caustic  alkalis  render  it  purplish  red,  or  in 
large  quantity  violet,  then  reddish  brown,  and  finally  yellow- 
ish brown ;  and  the  colour  cannot  afterwards  be  restored  by 
adding  acids.  Hence  the  haemntin  is  decomposed.  Ge- 
latin precipitates  it  from  water  in  yellow  flocks.  (Ann.  de 
Chim.  Ixxxl.  128.) 

7.  Nicotitt.  This  is  the  principle  in  which  reside  the  active 
properties  of  tobacco  (nicotiana),  from  the  juice  of  which  it 
may  be  extracted  by  the  following  process  of  Vauqwelin.* 
Evaporate  the  expressed  juice  to  one  fourth  of  its  bulk,  and 
pour  off  the  fluid  from  the  gritty  matter  which  separates  on 
cooling.  Repeat  this  operation  as  often  as  any  similar  deposit 
takes  place;  and,  when  the  fluid  is  so  much  inspissated  that 
nothing  farther  can  fall,  digest  it  in  alcohol.  Distil  off  the 
alcohol,  and  concentrate  the  residual  matter  to  dryness  by  a 
very  gentle  heat.  Dissolve  this  again  in  alcohol,  and  again 
reduce  it  to  a  dry  state.  In  this  states  it  still  contains  both 
acetic  and  malic  acids;  it  must  therefore  be  dissolved  in  water, 
and  very  cautiously  saturated  with  potassa.    When  this  liquid 


•  Ann.  de  CInm.  Wxi.  189. 
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is  distilled  to  dryness,  a  solution  of  nicotin  pusses  into  the  re- 
ceiver. By  dissolving  the  residwl  matter  in  water,  and  again 
distilling,  repeating  this  process  several  times,  the  whole  of 
the  nicotin  may  be  obtained  in  aqueous  solution.  This  solu- 
tion is  colourless;  has  the  peculiar  smell  of  tobacco;  and  oc- 
casions violent  sneezing.  Its  taste  ia  acrid,  and  it  possesses 
poisonous  qualities.  According  to  Vauquelin  it  is  precipi- 
tated by  tincture  of  galls,  and  it  approaches  most  nearly  in 
its  properties  to  the  volatile  oils. 

8.  Pollenin.  The  pollen  of  tulips  was  ascertained  by  Pro- 
fessor John  to  contain  a  peculiar  substance,  which  was  at  first 
confounded  with  albumen ;  but  to  which  he  has  since  given 
the  name  of  pollenin.*  It  is  insoluble  in  alcohol^  ether,  wa-p 
ter,  oil  of  turpentine,  naphtha,  carbonated  and  pure  alkalis ; 
and  when  distilled  yields  ammonia  and  an  acid  liquor.  It  has 
a  yellow  colour,  and  is  destitute  of  taste  and  smelL  B}'  ex- 
posure to  the  air,  it  putrefies,  and  acquires  the  smell  of 
cheese.  It  is  extremely  combustible,  and  bums  with  great 
rapidity  and  flame,  in  consequence  of  which  the  pollen  of  the 
lycopodium  clavalum  has  been  often  used  in  theatrical  exhibi- 
lioAs  to  imitate  lightning. 

9.  Emelin.  There  are  three  different  genera  of  plants  that 
are  employed  under  the  name  of  Ipecacuanha ;  but  it  is  the 
root  of  a  species  of  callicocca,  that  is  directed  by  the  Pharma^ 
copoeia  of  the  London  College.  The  cortical  part  of  the 
root  has  been  submitted  to  a  skilful  analysis  by  MM.  Ma- 
gendie  and  Pelletier,  who  have  obtained  from  it  about  14 
per  cent,  of  a  peculiar  matter,  in  which  Xhe  emetic  virtue  of 
the  root  exclusively  resides,  and  which  they  have  therefore 
called  emelm.f 

To  obtain  emetin,  powdered  ipecacuanha  is  to  be  digested 
with  sulphuric  ether,  which  removes  a  portion  of  fatty  matter. 
Alcohol  is  then  to  be  digested  on  the  remainder ;  the  tincture 
to  be  evaporated  by  a  water  bath  ;  and  the  dried  matter  dis- 
solved in  cold  water,  which  separates  the  wax.  It  is  next  to 
be  macerated  on  powdered  carbonate  of  baryta,  to  remove 
the  gallic  acid ;  again  dissolved  in  aloAol ;  add  evaporated 

•  Thomson's  Annals^  vii.  49.  f  !!>•  »i.  4?2. 
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once  more.  The  emetic  ptineiple  remains  in  the  form  of 
tranqiarent  scales  of  a  reddish  brown  colour.  It  has  scarcely 
any  odour ;  has  a  slightly  acrid  and  bitter^  but  not  a  nauseous 
taste;  deliquesces  in  the  atmosphere;  is  soluble  in  water  and 
in  alcohol  in  all  proportions ;  and  is  incapable  of  being  crys* 
tallized.  It  is  decomposed  by  a  heat  exceeding  that  of  boiling 
water,  but  gives  no  ammonia  by  distillation,  which  proves 
that  nitrogen  is  not  one  of  its  elements.  Gallic  acid  precipi-' 
tates  it  from  its  solution ;  but  the  re-agent  that  most  power* 
fully  affects  it,  is  the  sub-acetate  of  lead,  which  completely 
precipitates  it  from  all  its  solutions.  It  appears,  therefore, 
that  emetin  is  a  substance  sui  generis^  possessing  distinct  and 
peculiar  properties,  which  are  the  same  from  whichsoever  of 
the  plants,  capable  of  affording  it^  it  may  have  been  obtained. 

10.  SarcocolL  This  substance  is  the  spontaneous  exudation 
of  the  Ptenea  SarcocoUa,  a  plant  which  is  a  native  of  Ethio- 
pia. It  is  brought  over  in  small  pieces,  which  are  about  the 
size  of  peasy  and  which  are  either  of  a  pale  red,  or  yellowish 
white  colour. 

Sarcocoli  dissolves  in  the  mouth  like  gum,  and  has  a  sweets 
ish  taste,  after  which  there  remains  an  impression  of  bit* 
terness.  It  is  soluble  both  in  water  and  alcohol,  and  a  strong 
solution  of  it  forms  a  mucilage,  which  may  be  used  for  the 
purpose  of  a  cement.  Its  most  remarkable  property  is,  that 
its  solution  is  precipitated  by  tan,  which  distinguishes  it  suffix- 
ciently  from  gum.  The  substance  most  nearly  approaching  to 
it  in  chemical  characters,  is  liquorice,  the  saccharine  matter 
of  which  has  a  near  resemblance  to  sarcocoli.  (See  Robiquet, 
Ann.  de  Chim.  Ixxii.  and  Thomson's  Chemistry,  iv.  Si.) 

11.  Olivile  is  a  name  given  by  M.  Pelletier  to  the  substance 
which  remains  after  gently  evaporating  the  alcoholic  solution 
of  the  gum  which  exudes  from  the  olive  tree.  It  is  a  white 
brilliant  starchy  powder,  and  sometimes  it  forms  flattened 
needles.  It  has  no  smell,  but  its  taste  is  a  mixture  of  bitter 
and  sweet  with  something  aromatic.  It  melts  at  158^,  and  on 
cooling  resembles  a  slightly  yellowish  transparent  resin  Cold 
water  scarcely  acts  upon  it,  but  hot  water  dissolves  l-d2d.  It 
dissolves  readily  in  idcohol,  but  not  in  ether  or  in  volatilo  oils. 
Nitric  acid  dissolves  it  witli  heat,  acquires  a  red  colour^  but 
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becomes  yellow  on  cooling  and  deposits  oxalic  acid.  Acetate 
of  lead  precipitates  its  aqueous  solution  in  flakes  which  are 
soluble  in  acetic  acid.     (Ann.  of  Phil.  xii.  33.) 

12.  Medtdlin  is  a  name  given  by  Dr.  John  to  the  pith  of 
the  sun-flower.  (Helianthus  Annuus.)  It  is  destitute  of 
taste  and  smell ;  insoluble  in  water,  ether,  alcohol,  and  oils, 
but  soluble  in  nitric  acid,  which  converts  it  into  oxalic  acid  ; 
and,  when  decomposed  by  destructive  distillation,  it  leaves 
charcoal  having  a  metallic  lustre  like  bronze.  (Thomson's 
Chemistry,  iv.  180.) 

18.  Lupulin.  This  name  has  been  given  by  Dr.  Ives,  not 
to  any  distinct  vegetable  principle  extracted  by  chemical 
means,  but  to  an  impalpable  yellow  powder,  in  which  he  be* 
lieves  the  virtue  of  the  hop  to  reside,  and  which  may  be  ob- 
tained by  beating  and  sifting  the  hops  used  in  brewing. 

It  appears  to  be  peculiar  to  the  female  plant,  and  is  pro- 
bably secreted  by  the  nectaria.  In  preserving  beer  from  the 
acetous  fermentation,  and  in  communicating  an  agreeable 
flavour  to  it,  lupulin  was  found  to  be  equivalent  to  ten  times 
its  weight  of  hop  leaves.  It  is  itself  a  compound  substance, 
consistingof  tan,  extract,  a  bitter  principle,  wax,  resin,  and 
lignin.  If  analyzed  by  the  methods  of  Pelletier  and  Caven- 
tou,  it  is  not  improbable  that  an  ingredient  might  be  disco* 
vered  in  the  hop  of  an  alkaline  nature,  in  which  its  narcotic 
virtue  would  be  found  to  reside.  (See  Ann.  of  Phil.  N.S. 
i.  194.) 

14.  Caihartine*  In  examining  the  leaves  of  Senna,  Las- 
saigneand  Fenuelle  obtained  a  peculiar  substance,  to  which,  on 
account  of  its  acting  as  a  brisk  purgative  in  very  small  doses, 
they  gave  the  name  of  cathartiue.  A  strained  decoction  of 
the  leaves  was  precipitated  by  extract  of  lead,  the  precipitate 
washed  and  diffused  through  water,  and  then  decomposed  by 
sulphureted  hydrogen.  The  liquor  was  Altered,  evaporated 
to  dryness,  digested  in  alcohol,  and  the  latter  solution  evapo- 
rated to  dryness  also.  It  contained  acetate  of  potassa,  which 
was  decomposed  by  adding  alcohol  acidulated  with  a  little 
sulphuric  acid ;  the  sulphate  of  potassa  was  separated  by 
Altering,  and  the  excess  of  sulphuric  acid  separated  by  acetate 
of  lead.     Sulphureted  hydrogen  w*as  again  passed  through 
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the  liquid,  which,  when  filtered  and  again  evaporated,  gave 
the  substance  which  they  have  called  cathartiue.  It  had  a 
reddish  colour,  a  peculiar  smell,  and  a  bitter  nauseous  taste ; 
it  dissolved  in  alcohol  and  water  in  all  proportions,  but  was 
insoluble  in  ether.  It  became  moist  by  exposure  to  the  air. 
(Ann.  de  Chim.  et  Phys.  xvi.  16.) 

15.  Piperinc  has  been  extracted  by  M.  Pelletier  from  black 
pepper,  by  digesting  it  in  alcohol,  and  evaporating  the  solution, 
which  left  a  fatty  resinous  matter.  This,  after  being  washed 
in  warm  water,  was  of  a  green  colour,  and  had  a  hot  burning 
taste.  It  dissolved  readily  in  alcohol,  and  less  readily  in  sul- 
phuric ether,  and  the  solution  by  heated  alcohol,  when  left 
for  some  days,  deposited  a  number  of  small  crystals.  These 
being  purified  by  repeated  solutions  and  crystallizations,  gra- 
dually lost  their  taste  of  pepper,  which  accumulated  in  the 
uncrystallizable  fatty  matter.  The  crystals  of  pipcrine  were 
four  sided  prisms ;  they  were  almost  tasteless ;  were  insoluble 
in  cold  and  sparingly  soluble  in  hot  water;  were  very  soluble 
in  alcohol,  and  less  so  in  ether ;  soluble  in  acetic  acid,  from 
which  they  separated  in  feathery  crystals.  Weak  acids  did 
not  dissolve,  and  strong  acids  decomposed  them.  Sulphuric 
acid  acquired,  by  being  heated  with  them,  a  blood  red  colour, 
which  disappeared  on  dilution.  They  fused  at  212^,  and, 
when  decomposed  by  peroxide  of  copper,  gave  only  water  and 
carbonic  acid. 

In  addition  to  piperine,  M.  Pelletier  detected  in  pepper  an 
acrid  fixed  oil;  a  volatile  oil;  a  coloured  gummy  matter; 
extract,  starch,  and  several  other  known  vegetable  principles. 
(Ann.de  Chim.  et  Phys.  xvi.  337.) 
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CHAPTER  XI. 

BE8ULT  OF  THB  SPONTANEOUS   DECOMPOSITION   OF 
VEGETABLE   SUBSTANCES. 


SECTION  L 

Vinous  Fermenlation* 

The  phenomena  and  results  of  the  vinous  fermentation  may 
be  accurately  examined,  by  means  of  an  apparatus  similar  to 
that  which  is  described  in  Lavoisier's  Elements,  part  iii.  ch.  vi. 
A  more  simple  one,  however,  will  sufficiently  answer  the  pur- 
pose. It  may  consist  of  a  large  glass  matrass,  shaped  like  fig. 
4,  capable  of  holding  1 0  or  12  pints.  Into  the  opening  of  this 
mattrass,  one  leg  of  a  glass  tube,  which  has  been  twice  bent 
at  right  angles,  or  into  the  form  of  a  syphon,  may  be  fixed  by 
means  of  a  perforated  cork  and  cement.  The  aperture  of  the 
other  leg  of  the  syphon  may  terminate  in  a  two  necked  bottle, 
from  which  a  bent  glass  tube  is  to  proceed,  and  to  be  carried 
under  the  shelf  of  the  pneumatic  trough,  or  (which  is  better) 
into  the  receiving-pipe  of  a  gazometer,  fig.  35,  l\  The  mattrass 
may  then  be  half  filled  with  a  solution  of  sugar  in  a  pro}^r 
quantity  of  water,  or  with  an.infusion  of  malt;  and  in  either 
case  a  little  yeast  must  be  added.  When  the  vessel  is  placed 
in  a  room,  the  temperature  of  which  is  not  below  60^  Fabr. 
the  fermentation  ^oon  begins  to  take  place ;  a  brisk  motion  is 
observed  in  the  liquid ;  it  becomes  turbid,  and  deposits  some 
impurities,  while  a  frothy  scum  rises  to  the  surface.  When 
the  materials  arc  in  large  quantity,  viz.  sufficient  to  fill  a  cask, 
a  hissing  noise  is  heard  in  the  liquid,  and  its  bulk  increases 
so  much,  that,  if  the  vessel  were  full,  it  soon  begins  to  over* 
flow.  At  the  same  time,  an  immense  quantity  of  gas  escapes, 
and  passes,  through  the  bent  tube,  into  the  receiver,  which  is 
inverted  in  the  pneumatic  trough,  or  into  the  gazometer. 
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During  the  process  of  fermentation,  the  liquor  preserves  a 
higher  temperature  than  that  of  the  surrounding  atmosphere* 
After  some  days,  these  appearances  gradually  decline ;  and, 
if  the  process  has  been  well  conducted,  and  suspended  at  the 
proper  period,  the  result  is  a  liquor^  not  sweety  like  that  sub- 
mitted to  experiment,  but  having  a  vinous  taste  and  smell, 
and  the  intoxicating  powers  of  a  fermented  liquor. 

When  the  gas,  contained  in  the  gazometer,  is  examined,  it 
is  found  to  be  carbonic  acid,  holding  in  solution  a  portion  of 
alcohol,  which  gives  it  an  odour  like  that  of  the  fermented 
liquor.  On  submitting  the  liquor  to  distillation,  we  obtain  a 
fluid  considerably  lighter  than  water,  and  having  a  strong 
spirituous  taste. 

It  is  from  fermented  liquors  that  all  the  varieties  of  spirits, 
known  under  the  names  of  brandy,  rum,  spirits  of  wine, 
arrack,  gin,  and  whisky,  are  obtained;  and  they  differ  from 
each  other  merely  in  flavour  and  strength :  essentially^  they 
all  consist  of  the  same  ingredient,  which,  when  deprived 
of  the  water  with  which  it  is  combined,  is  called  alcohoL 


SECTION  II. 

AlcohoL 

It  had  been  a  subject  of  controversy  whether  the  alcohol, 
obtained  by  the  distillation  of  wines,  and  of  other  fermented 
liquors,  exists  ready  formed  in  those  liquors,  or  is  actually 
generated,  in  consequence  of  a  new  arrangement  of  the  ele- 
ments of  the  fluid  by  the  increased  temperature  at  which  the 
distillation  is  carried  on^  The  latter  opinion  was  supported 
by  Fabroni,*  and  had  gained  considerable  currency,  till  it 
was  completely  set  aside  by  Mr.  Brande,f  in  two  memoirs; 
in  the  first  of  which  it  was  shown,  that  the  quantity  of  alcohol 
resulting  from  the  distillation  of  wine,  is  neither  increased 
nor  diminished  by  a  variation  of  temperature  equal  to  20  de- 
grees of  Fahr.;  and  in  the  second,  that  alcohol  may  be  sepa- 

•  Ann.  de  Chim.  xxx.  2^0.  *  t  Phil-  Trans.  1811, 1813. 
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m 
rated  from  fermented  liquors,  without  the  intervention  of  heat, 
by  processes  in  which  nothing  more  can  be  efibcted  than  the 
se)>aration  of  water. 

Istly.  When  a  solution  of  acetate  of  lead  (sugar  of  lead), 
or  of  subacetate  of  lead  (Goulard's  Extract),  is  added  to  wine, 
a  dense  insoluble  precipitate  is  quickly  formed,  consisting  of  a 
compound  of  the  metallic  oxide,  with  the  acid  and  extractive 
colouring  matter  of  the  wine.  On  filtering  tlie  fluid,  we  ob- 
tain a  mixture  of  alcohol,  water,  and  a  portion  of  the  acid  of 
tlie  metallic  salt,  provided  the  latter  has  not  been  added  in 
excess,  in  which  case  a  part  of  the  salt  remains  undecomposed. 
From  this  liquid,  hot  and  dry  subcarbonate  of  potassa  sepa- 
rates the  water ;  and  the  alcohol  floats  at  the  top,  forming  a 
distinct  stratum.  By  operating  on  artificial  mixtures  of  alco- 
hol and  water,  Mr.  Brande  found  that  when  the  alcohol  is  not 
less  than  16  per  cent  the  quantity,  indicated  by  the  subcar- 
bonate, was  always  within  one  half  part  in  100  of  the  real 
proportion  contained  in  the  mixture.  The  experiment  may 
be  performed  in  a  glass  tube,  from  half  an  inch  to  two  inches 
diameter,  accurately  graduated  into  100  parts. 

2dly.  To  asceilain  in  a  more  simple  way  the  quantity  of 
alcohol  in  any  wine,  its  acid  may  be  saturated  with  potassa, 
and  a  given  measure  then  distilled  with  a  gentle  heat  nearly 
to  dryness ;  the  deficient  bulk  of  the  distilled  liquor  being 
made  up  with  distilled  water.  This  mixture  is  to  be  shaken, 
and  set  aside  for  24  hours.  Its  s[X!cific  gravity  will  then  show 
the  quantity  of  alcohol  which  the  wine  contains,  and  which 
may  be  immediately  seen  by  referring  to  Mr.  Gilpin's  Table, 
an  abstract  of  which  will  be  given  in  this  section. 

Sdly.  Gay  Lussac*^  has  recommended  the  substitution  of 
very  finely  powdered  litharge  for  the  acetate  of  lead ;  and  has 
added  the  important  fact,  that  wine  distilled  iu  vaaw^  at  the 
temperature  of  00^  Fahr.  affords  alcohol ;  a  convincing  proof, 
that  the  alcohol  obtained  is  merely  separated,  and  not  formed, 
by  the  process  of  distillation.  Thisdiscovery  has  been  applied  to 
practice;  and  it  has  been  found  that  spirits,  distilled  at  a  low 

*  86  Ann.  de  Chim.  175. 
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temperature  in  vacuo^  are  of  superior  flavour  to  those  procured 
by  a  distillation  conducted  in  the  ordinary  manner. 

From  an  extensive  series  of  experiments,  Mr.  Brande  has 
constructed  the  following  Table : 

Table  of  the  Quantily  of  Alcohol^  of  specific  gravity  .825  at 
60^  Fahr.  in  various  IVines^  i^c* 


Kind  of  Wine. 


100  Measures 
contain 


Fort,  average  of  6  • . . .  2S.48 

Ditto,  highest   25.83 

Ditto,  lowest 21.40 

Madeira,  highest   ....  24.42 

Ditto,  lowest 19.34 

Sherry,  average  of  4 . .  17.92 

Ditto,  highest 19.83 

Ditto,  lowest 13.25 

Claret,  average  of  3  .  •  14.43 

Calcavella 18.10 

Lisbon 18.94 

Malaca 17.26 

Bucellas 18.49 

Red  Madeira 18.40 

Malmsey  Madeira .  •  • .  16.40 

Marsala 25.87 

Ditto 17.26 

Red  Champagne   .  • « .  1 1 .30 

White  Ditto 12.80 

Burgundy 14.53 

Ditto 11.95 

White  Hermitage ....  1 7.43 

Red  Ditto 12.32 

Hock 14.37 

Ditto 8.88 


Kind  of  Wiue. 


100  Measures 
contain. 


Palm  wine* 4.70 

Vin  de  Grave 12.80 

Frontignac 12.79 

Coti  Roti 12.32 

Roussillon 17.26 

Cape  Madeira 18.11 

Cnpe  Muschat 18.25 

Constantia 19.75 

Tent 13.30 

Sheraaz 15.52 

Syracuse 1 5.28 

Nice 14.63 

Tokay 9.88 

Raisin  Wine 25.77 

Grape  Wine 18.1 1 

Currant  Wine 20.55 

Gooseberry  Wine  .  ..  11.84 

Elder  Wine   9.87 

Cider ♦. 9.ei7 

Perry 9.87 

Brown  Stout 6.80 

Ale 8.88 

Brandy   53.39 

Rum 53.68 

Hollands 51.60 


Some  doubt  may,  perhaps,  be  excited  of  the  accuracy  of 
this  Table,  by  a  reference  to  the  comparative  intoxicating 
eiFects  of  port  wine  and  brandy,  the  latter  of  which  certainly 
are  more  than  double  those  of  the  former.     But  it  is  to  be 

*  Added  to  the  Table  froin  the  Quarterly  Journal,  vii.  388. 
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considered  that,  in  wine,  the  alcohol  is  in  a  state  of  combina- 
tion with  several  other  ingredients,  which  must  necessarily 
diminish  its  activity  on  the  animal  system.  Variations  in 
each  kind  of  wine  from  the  above  proportions,  may,  however, 
be  expected  to  arise  from  the  variable  'purity  of  the  liquors 
that  may  be  the  subjects  of  experiment.  In  Mr.  Brande's 
analyses,  great  pains  were  taken  to  employ  such  wines  as  were 
perfectly  unadulterated. 

1.  To  prepare  alcohol,  the  spirit  of  wine  of  the  shops  may 
be  employed.  To  any  quantity  contained  in  a  glass  vessel, 
the  sub-carbonate  of  potassa,  perfectly  dry,  and  heated  to 
about  300^  Fahr.  is  to  be  added ;  the  mixture  is  to  be  well 
shaken ;  the  clear  liquor  decanted ;  and  this  is  to  be  repeated 
as  long  as  the  alkali  is  moistened  by  the  spirit.  When  enough 
has  been  employed,  the  next  addition  will  fall  to  the  bottom 
in  a  perfectly  dry  state.  The  dry  chloride  of  calcium  (fiised 
muriate  of  lime)  may  be  advantageously  used  as  a  substitute 
for  alkali.  Or  it  may  be  employed  to  strengthen  alcohol, 
which  has  been  first  concentrated  by  the  mild  vegetable  alkali ; 
but  it  appears  doubtful  whether  a  little  ether  is  not  produced 
by  its  action.  Saussure,  however,  is  of  opinion  that  this  is 
not  the  case  with  alcohol  which  has  been  only  twice  treated 
with  chloride  of  calcium,  of  which  he  employed,  at  two  opera- 
lions,  first  a  quantity  equal  to  half  the  weight  of  the  spirit  of 
wine,  and  secondly  an  equal  weight.  When  the  chloride  is 
no  longer  moistened  on  being  added  to  the  spirit,  we  may 
conclude  that  enough  has  been  used-.  Two  distinct  strata  will 
then  be  seen  in  the  liquid,  the  solution  of  muriate  of  lime  in 
water,  at  the  bottom,  and  the  alcohol  at  the  top.  The  latter 
is  to  be  decanted,  or  drawn  off  by  a  syphon,  and  then  sub- 
mitted to  distillation  at  a  gentle  heat»  reserving  only  the  por- 
tions which  first  pass  over.  Gay  Lussac  recommends  quick- 
lime or  baryta,  in  preference  to  muriate  of  lime ;  and  Dubuc 
advises  the  use  of  dry  alumina,  by  which  he  brought  alcohol 
to  the  specific  gravity  .817,  without  any  risk  of  forming  ether 
by  the  process.*    It  has  been  found  also  that  spirit  of  wine 

*  86  Add.  de  Chim.  314. 
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of  sp.  gr«  .867j  when  inclosed  in  a  bladder,  and  exposed  for 
some  time  to  the  air,  is  converted  into  alcohol  of  sp.  gr. 
0.81 7,  the  water  only  escaping  through  the  coats  of  the 
bladder.    (Quart  Joum.  viii.  SSI .) 

II.  1.  Alcohol  is  considerably  lighter  than  water.  The 
lightest  that  can  be  obtained,  by  simple  distillation,  from 
spirit  of  wine^  has  the  specific  gravity  of  .825,  distilled  water 
at  60^  Fahr.  being  1.  By  the  intervention  of  substances 
which  strongly  attract  water,  Chaussier  brought  it  to  the  spe- 
cific gravity  of  .798 ;  Gay  Lussac  to  0.792S5  at  64?° j  and 
Loyitzand  Saussure,jun.  to  .791  or  .792,  at  68®  Fahr.,  =  .796 
at  60°  Fahr.  Alcohol  of  the  specific  gravity  .820  still  con- 
tains, according  to  Lovitz,  about  ^th  its  weight  of  water,  and 
when  of  specific  gravity  .917  at  60°  Fahr.  it  consists  of  equal 
weights  of  alcohol,  specific  gravity  .796,  and  water.  By 
an  act  of  parliament  passed  in  1762,  the  specific  gravity 
of  proof  spirit  at  60°  was  fixed  at  .916,  but  .920  may  be  con- 
sidered as  nearer  the  standard  liow  adopted  for  proof  spirits 
in  this  country.  The  term  above  proof  is  used  to  denote  a 
spirit  lighter  than  this,  and  under  proof  one  which  contains  a 
larger  proportion  of  water.  Rectified  spirit  is  directed,  by 
the  London  Pharmacopoeia,  to  have  the  specific  gravity  of 
.835,  but  it  is  seldom  lighter  than  .840. 

The  quantity  of  alcohol  and  water,  in  mixtures  of  diflFerent 
specific  gravities,  may  be  learned  from  Mr.  Gilpin's  copious 
tables,  of  which  the  following  is  a  brief  abstract.* 


♦  Philosophical  Transactions,  1794,  or  Nicholson's  Journal,  4to.  vol.  L 
Mr.  Gilpin*s  standard  alcohol  had  the  specific  gravity  of  .825,  and  Chaus- 
sier's  of  .796.  The  Tables  of  Mr.  Gilpiu  are  much  too  long  to  be  inserted 
without  abridgment  in  this  work. 
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Table,  shou/wg  the  Specific  Gravity  qftlie  Mixtures  of  Alcohol 
and  fVaier. 


SPECIFIC   GRAVITIES. 

Centesimal  Parts  of 

According  to 

According  to  Gilpin 

the  Mixture. 

Chaussier. 

(lost  Table). 

Alcohol  ....100 

0.7980 

0.825 

95 

0.8165 

0.83887 

90 

0.8S40 

0.85244 

85 

0.8485 

0.86414 

80 

0.8620 

0.87606 

75 

0.87525 

0.88762 

70 

0.8880 

0.89883 

65 

0.9005 

0.90941 

60 

0.9120 

0.91981 

55 

0.9230 

0.92961 

50 

0.9334 

0.93882 

45 

0.94265 

0.94726 

40 

0.9514 

0.95493 

35 

0.95865 

0.96158 

30 

0.96535 

0.96736 

25 

0.97035 

0.97239 

20 

0.97605 

0.97723 

15 

0.9815 

0.98213 

10 

0.9866 

0.98737 

5 

0.99355 

0.99327 

0 

0.99835 

1.00000 

It  19  on  many  occasions  useful  to  know  the  proportion  of 
the  strongest  alcohol  that  has  hitherto  been  obtained,  in 
mixtures  of  alcohol  and  water  of  different  specific  gravities. 
This  is  shown  by  the  following  Table,  constructed  by  Lovitz. 
It  is  founded  on  a  series  of  experiments  in  which  alcohol  of 
of  the  sp.  gr.  .791  at  68^  was  mixed  with  various  proportions 
of  water ;  allowed  to  stand  during  24  hours ;  and  then  exa- 
mined for  its  sp.  gr.  at  the  temperature  of  68°.  The  fourth 
column  has  been  added  by  Dr.  Thomson,  to  express  the 
sp.  gr.  at  60°,  the  temperature  commonly  preferred  in  this 
country. 
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Tabl£  of  the  Strength  o/Alco/iol  of  various  Densities. 


lOOPnrti. 

Sp.  Gravity. 

100  Parts. 

Sp.  Gravity. 

Alcob. 

Wat. 

•168°. 

at  600. 

Alcob. 

Wat. 

at  68°. 

at  60°. 

100 

_- 

791 

796 

59 

41 

894 

898 

99 

1 

794 

798 

58 

42 

896 

900 

98 

2 

797 

801 

57 

43 

899 

903 

97 

3 

800 

804 

56 

44 

901 

904 

96 

4 

80S 

807 

55 

45 

903 

906 

93 

5 

805 

809 

54 

46 

905 

908 

94 

6 

808 

812 

63 

47 

907 

910 

93 

7 

811 

815 

52 

48 

909 

912 

92 

8 

813 

817 

51 

49 

912 

915 

91 

9 

816 

820 

60 

50 

914 

917 

90 

10 

818 

822 

49 

51 

917 

920 

89 

11 

821 

825 

48 

52 

919 

922 

88 

12 

823 

827 

47 

53 

921 

924 

87 

18 

886 

830 

46 

54 

923 

926 

86 

14 

828 

832 

45 

55 

925 

928 

85 

15 

831 

835 

44 

56 

927 

930 

84 

16 

834 

838 

#.♦3 

57 

930 

933 

83 

17 

836 

840 

4^ 

.58 

932 

9S5 

82 

18 

839 

843 

41 

59 

934 

937 

81 

19 

842 

846 

40 

60 

936 

939 

80 

20 

844 

848 

39 

61 

938 

941 

79 

2) 

847 

851 

38 

62 

940 

943 

78 

'22 

849 

853 

37 

63 

942 

945 

77 

23 

851 

.  855 

36 

64 

944 

947 

76 

24 

853 

857 

35 

65 

946 

949 

76 

25 

856 

860 

S4 

66 

948 

951 

74 

26 

859 

863 

33 

67 

950 

953 

73 

27 

861 

;  865 

32 

68 

952 

955 

72 

28 

863 

867 

31 

69 

954 

957 

71 

29 

866 

,  870 

30 

70 

95% 

958 

70 

30 

868 

871 

29 

71 

957 

960 

69 

31 

870 

874 

28 

72 

959 

962 

68 

82 

872 

.  875 

27 

73 

961 

963 

67 

33 

875 

'  879 

26 

74 

963 

965 

66 

34 

877 

I  880 

25 

75 

965 

967 

65 

85 

880 

;     883 

24 

76 

966 

968 

64 

36 

882 

886 

23 

77 

968 

970 

63 

87 

885 

889 

22 

78 

970 

972 

62 

38 

887 

891 

21 

79 

971 

973 

61 

39 

889 

893 

20 

80 

973 

974 

60 

40 

892 

896 

19 

81 

974 

975 
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Talk  continued. 


100  Parte. 

8p.  Gmvity. 

100  Parte. 

8p.  Gravily. 

Alcob. 

Wau 

at  680. 

a(60o. 

Alcob. 

Wat. 

at  880. 

atSOo. 

18 

82 

976 

8 

92 

989 

17 

as 

977 

7 

98 

991 

16 

84 

978 

6 

94 

992 

15 

85 

980 

5 

95 

994 

14 

86 

981 

4 

96 

995 

13 

87 

983 

S 

97 

997 

12 

88 

985 

2 

98 

998 

It 

89 

986 

1 

99 

999 

10 

90 

987 

— 

100 

1000 

9 

91 

988 

2.  Alcohol  unites  chemically  with  water;  and  caloric  is 
evolved  during  this  union.  Equal  measures  of  alcohol  and 
water,  each  at  50^  Fahrenheit,  give  by  sudden  admixture  an 
elevation  of  nearly  20^  of  temperature;  and  equal  measures 
of  proof  spirit  and  water  occasion  an  increase  of  9-^^.  The 
bulk  of  the  resulting  liquid  is  less  also  than  that  of  the  two 
before  admixture.  Thus  a  pint  of  alcohol  and  a  pint  of  water, 
when  the  mixture  has  cooled  to  the  temperature  of  the  atmos* 
phere,  falls  considerably  short  of  two  pints. 

This  diminution  of  bulk  is  best  shown  by  a  contrivance 
of  Dr.  Marcet,  represented  inverted  in  the  annexed  sketch. 
It  consists  of  a  glass  vessel,  formed  of  two  spherical 
bulbs  conne^cd  together,  and  terminating  in  a  tube 
about  12«inches  long,  which  is  hermetically  sealed  at 
the  Ipwer  end.  The  upper  bulb  has  a  neck  and 
ground  stopper.  The  tube  and  lower  bulb  are  first  to 
be' filled  wit#  water,  and  the  upper  bulb  with  alcohol. 
The  stopper  being  put  into  its  place,  the  instrument 
is  to  be  inverted,  as  shown  in  the  figure;  when  the 
two  fluids  will  unite;  heut  will  be  evolved;  and  on 
cooling  to  their  original  temperature,  an  empty  space 
will  be  seen  in  the  tube.  Tlie  same  instrument  may 
be  employed  to  show  the  diminution  of  bulk  in  sulphu- 
ric acid  and  other  fluids  by  mixture  with  water. 

An  exception  to  this  law  is  stated  by    Thenard 
(Trait6  de  Chim.  iii.  S09)   in  alcohol  of  density  0.9707; 
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fdii  5  parte  of  this  alcohol,  mixed  with  5  of  distilled  water, 
give  a  mixture  of  sp.  gr.  0.9835,  which  is  less  than  the  mean 
(0.9854)  of  the  alcohol  and  water  before  mixture.  Hence,  in 
this  case,  there  must  have  been  a  dilatation  of  volume. 

S.  Alcohol  is  extremely  volatile,  and  produces  considerable 
cold  by  its  evaporation.  When  a  thermometer,  after  being  im- 
mersed in  spirit  of  wine,  is  suspended  in  the  air,  the  quicksilver 
sinks  two  or  three  degrees.  By  repeated  dippings  and  expo- 
sures, and  by  blowing  upon  the  bulb  with  a  pair  of  bellows^  Dr. 
CuUen  caused  the  thermometer  to  sink  from  44^  to  below  the 
freezing  point.  It  has  been  found  that  the  degrees  of  cold, 
produced  by  the  evaporation  of  spirits,  are  proportional  to 
the  strength  of  the  spirits.  Thus,  if  a  certain  degree  of  cold 
be  produced  by  water,  and  another  degree  by  alcohol,  a  spirit 
of  half  strength  will  give  a  degree  of  cold  just  half  way  be* 
tween  the  two.     (Quart.  Jour.  x.  187.) 

4.  Alcohol  is  highly  inflammable,  and  burns  away  with  a 
blue  flame,  without  leaving  any  residuum.  The  light  emitted 
by  its  combustion  is  feeble ;  but  considerable  heat  is  evolved, 
and  it  is  employed,  therefore,  as  a  source  of  temperature  in  a 
variety  of  chemical  processes.  During  its  combustion,  car<^ 
bonic  acid  is  generated ;  no  charcoal  appears ;  dbd  a  quantity 
of  water  is  produced  which  exceeds  in  weight  the  alcohol 
employed,  in  the  proportion,  according  to  Sausstine,  of  182 

parts  of  water  from  100  of  alcohol.     The  flaine  of  alcohol  ac-  ^ 

quires  a  red  colour  from  muriate  of  lime,  a  deep  blood-red     ^  *^  K  '^ 
from  the  muriate  of  strontia,  and  a  green  tinge  ^ni  boracic 
acid.  r  ^ 

5.  Alcohol  is  a  fluid  which  is  remarkably  exnansij^h^by 
heat.  Dividing  the  scale  between  the  free^injj  Ad  boiling 
points  of  water  into  two  equal  parts,  Mr.  De  Luwias  stated 
that  alcohol  expands  35  parts  for  the  first  90^,  atn  45  parts 
for  the  second  90^  The  strength  of  his  alcohol,  however,  is 
described  only  by  the  indefinite  test  of  its  firing  gunpowder. 
Mr.  Dalton  found  that  1000  parts  of  alcohol,  of  the  specific 
gravity  .817,  at  50^  Fahrenheit,  became  1079  parts  at  170*^. 
At  110°,  halfway  between  the  two  extremes,  the  alcohol  was 
at  1089,  or  half  a  division  below  the  true  mean.  The  more 
the  alcohol  is  diluted  with  water,  the  greater  he  found  the 
disproportion  to  be  between  the  two  parts  of  the  scale*  When 
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of  the  specific  gravity  .967>  answering  to  75  per  cent  water, 
the  ratio  of  expansion  through  the  first  half  between  50°  and 
170°,  was  to  that  through  the  second  half  as  35  to  45,  which 
is  precisely  the  same  as  De  Luc  gives  for  pure  alcohol.  In 
reporting  these  results  no  account  is  taken  of  the  expansion 
of  the  glass  vessel,  and  consequently  the  real  expansions  may 
be  considered  as  rather  exceeding  the  apparent  ones  which 
have  been  stated. 

6.  Alcohol,  sp.  gr.  .820,  boils  at  176°,  or  in  vacuo  at  56°. 
When  of  sp.  gr.  .800  its  boiling  point  is  173.5.  If  water  be 
added,  its  boiling  point  is  raised.  Alcohol,  sp.  gr.  0.900,  Mr. 
Dalton  finds  to  boil  at  182°  Fahr.,  of  sp.  gr.  .850  at  170°. 
In  this  case,  as  in  others  where  two  volatile  liquids  are  mixed, 
the  boiling  point  is  varied,  but  not  proportionably ;  for  the 
mixture  boils  nearest  the  boiling  point  of  tliat  which  is  most 
volatile.  Tims  a  mixture  of  equal  parts  of  alcohol  of  such 
strength  as  to  boil  at  170°,  and  water,  ought  by  the  rule  of 
proportion  to  boil  at  194°,  but  in  iact  it  boils  at  18S°. 

Alcohol  of  the  specific  gravity  .8152  at  50°  Fahr.  gives  a 
gas,  tlie  density  of  which  is  to  that  of  the  atmosphere  as  1 .613 
to  1.  According  to  Bcrzelius  and  Dulong,  the  density  of  the 
vapour  of  alcohol  is  1.6004*.  (Ann.  de  Chim.  et  Phys.  xv. 
395.)  Of  the  forces  of  vapour  of  alcohol  at  different  tempe- 
ratures. Dr.  Ure  has  given  a  Table  (Phil.  Trans.  1818.) 
which  will  be  copied  into  the  Appendix.  To  become  gaseons, 
alcohol  absorbs  only  0.436,  the  caloric  required  to  vaporize 
an  equal  weight  of  water. 

7.  Alcohol  has  never  yet  been  congealed  by  any  known 
method  of  producing  artificial  cold.  Mr.  Walker,  of  Oxford, 
found  that  it  continued  fluid  at  —  91°  Fahr.  Even  when  diluted 
with  an  c^al  weight  of  water,  it  requires  a  cold  of  6°  below 
0  to  congeal  it.  Mr.  Hutton,  of  Edinburgh,  announced,  in- 
deed, several  years  ago,*  that  he  had  succeeded  in  congealing 
alcohol  of  the  sp.  gr.  .798,  but  neither  a  confirmation  of  the 
fact,  nor  the  details  of  his  process,  have  yet  been  published. 

8.  Alcohol  has  no  action  whatsoever,  at  Common  tempera- 
tures, on  hydrogen,  oxygen,  or  azotic  gases,  on  atmospheric 
air,  nor  on  carbon  or  boron.     Chlorine  decomposes  it,  muri- 

*  Nicholson's  Journal,  xxxIt,  166.  See  also  Thomson's  Annals,  i.  SSI, 
ondii.  a3,47Jt 
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atic  and  carbonic  acids  being  Tormed ;  a  matter  which  has  an 
oily  appearance  precipitates;  and  some  carbon  also  appears 
in  a  free  state. 

Alcohol  dissolres  iodine  to  a  considerable  extent ;  probably* 
however,  not  without  a  partial  decomposition  and  formation 
of  bydriodic  acid. 

9.  Alcohol  is  a  powerful  solvent.  It  dissolves  soap ;  vege- 
table extract;  sugar;  oxalic,  camphoric,  tartaric,  gallic,  and 
benzoic  acids;  volatile  oils;  fixed  oils, sparingly,  except  castor 
oil,  which  it  dissolves  in  considerable  quantity ;  resins,  and 
balsams.  It  combines,  also,  with  sulphur,  phosphorus,  and 
the  pure  alkalis ;  but  not  with  their  carbonates,  nor^  when 
pure,  with  any  of  the  earths.  Of  the  class  of  salts  with  alka- 
line, earthy,  and  metallic  bases,  alcohol  dissolves  some  copi- 
ously, others  sparingly,  and  others  not  at  all.  The  propor- 
tion, in  which  some  of  these  are  taken  up,  is  stated  in  the  fol- 
lowing Table  by  Wenzel,  the  principal  defect  of  which  is  the 
omission  of  the  specific  gravity  of  the  alcohol  employed. 

Two  hundred  and  forty  grains  of  boiling  alcohol  dissolve  of 

Grains. 
Borate  of  ammonia  •  •  •  •  • 1 

Fluate  of  alumina 1 

■    ■      ammonia  •  •  • 1 

Muriate  of  ammonia 17 

lime 288 

'■  ■'■    ■       magnesia 1315 

potassa 5 

Nitrate  of  alumina •  •  •  •  •  24d 

— — — —  ammonia 214 

lime • 288 

■■               magnesia •  • .  694 

■   "■    '  "■  potassa 5 

"              soda 25 

Oxalate  of  alumina 7 

Tartrate  of  alumina 7 

— —  ammonia ,  7 

— -— —  potassa , 1 

Super-tartrateof  potassa  ..••.... 7 

"     ■'    oxalate  of  potassa 7 

VOL.  II.  y 
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Mr.  Kirwan,  also,  has  given  us  a  very  useful  Table,  show- 
ing the  power  of  alcohol  at  difiereut  specific  gravities  to  dis- 
solve several  of  the  neutral  salts.  The  salte  were  first  de- 
prived of  their  water  of  crystallization,  and  were  digested, 
during  three  days,  with  alcohol,  the  temperature  of  which 
never  exceeded  80^  Fahrenheit 

100  Grains  of  Alcohol  at 


Sulphate  of  soda  •  •  • . . 

■  magnesia  , 

Kitrate  of  potassa  . . . 
soda 


.900.872 


Muriate  of  potassa  •  • 

— soda  .... 

■  ammonia 


magnesia  . . 
baryta  .... 
crystallized 


Acetate  of  lime  . . . 


0 

1 

2.76 
10.5 

4.62 

5.8 

7.5 
21.25 

1 

1.66 

2.4 


I 

6 

1.66 

3.67 

4.75 


.848 


.834 


0 
0 
0 

0.38 
0.38 
0.5 
1.5 

23.75  36.25 
0.291  0.18 
0.43  0.32 
4.12.  4.75 


.817 


50 
0.09 
0.06 
4.88 


Some  salts,  also,  when  actually  dissolved  in  water,  are  pre- 
cipitated by  the  addition  of  alcohol.  This  is  the  case  chiefly 
with  the  sulphates,  several  of  which  are  precipitated  imme- 
diately, while  others  are  not  separated  without  the  application 
of  heat  and  a  few  days*  repose. 

10.  Potassium  and  sodium,  when  brought  into  contact  witli 
alcohol,  rectified  as  highly  as  possible,  pass  to  the  state  of  po- 
tassa and  soda  by  absorbing  oxygen.  At  the  same  time,  hy- 
drogen gas  is  evolved,  a  sufficient  proof  that  water,  or  at  least 
its  elements,  are  present  in  the{>urest  alcohol. 

11.  Alcohol,  when  transmitted  through  a  red-hot  copper 
tube,  is  decomposed.  The  tube  is  found  lined  with  a  very 
fine  light  soot  resembling  lamp-black,  and  an  enormous  quan- 
tity of  carbureted  hydrogen  gas  is  evolved,  not  less,  as  appears 
firom  an  experiment  of  Van  Marum,  than  ten  cubic  feet,  by  the 
decomposition  of  three  ounces  of  alcohol. 

Analysis  of  Alcohol. — In  order  to  determine  the  composi- 
tion of  alcohol,  Lavoisier  burned  a  quantity  with  very  minute 
attention  to  the  products,  by  means  of  an  apparatus  described 
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in  his  Elements  of  Chemistry,  Part  III.  ch.  viii.  sect.  5.  The 
weight  of  alcohol  consumed  amounted  to  93.5  grains,  and 
110.32  grains  of  oxygen  were  expended  in  the  combustion. 
The  water  produced  amounted  to  106.2  grains,  and  the  car- 
bonic acid  to  9S.8.  From  the  known  quantity  of  carbon  in  car- 
bonic acid,  and  of  hydrogen  in  water,  Lavoisier  inferred  that  the 
alcohol,  on  which  he  operated,  but  the  specific  gravity  of  which 
he  has  omitted  to  state»  was  composed  of 

Carbon •  •  28.53 

Hydrogen 7.87 

Water  (existing  in  the  alcohol)  •  •  •  •  63.6 

100. 

Comparing,  then,  the  composition  of  alcohol  with  that  of 
sugar,  that  distinguished  philosopher  was  led  to  the  conclusion 
that,  during  the  vinous  fermentation,  part  of  the  carbon,  by 
uniting  with  the  oxygen  of  the  sugar,  passes  to  the  state  of 
carbonic  acid,  and  that  the  remaining  carbon,  with  the  hy- 
drogen of  the  sugar,  composes  alcohol.  If,  therefore,  it  were 
possible  to  combine  carbonic  acid  and  alcohol,  sugar  ought  to 
be  regenerated. 

This  view  of  what  takes  place  during  the  vinous  fermenta- 
tion, viz.  that  its  general  result  is  the  conversion  of  sugar  into 
alcohol  and  carbonic  acid,  is  perfectly  consistent  with  subse- 
quent investigations.  But  the  proportions  of  the  elements  both 
of  sugar  and  alcohol,  assigned  by  Lavoisier,  have  been  mate- 
rially changed  in  consequence  of  more  recent  analyses. 

The  most  elaborate  series  of  experiments  on  the  composition^ 
of  alcohol,  18  that  of  Saussure,  junior,  (Nicholson's'- Journal,! 
xxi. ;  or  Ann.  de  Chim.  Ixxxix.)  He  employed  several  dif-\ 
ferent  methods;  but  that,  on  which  he  placed  most  reliance, - 
was  a  careful  analysis  of  the  products  obtained  by  transmitting 
alcohol  through  a  red-hot  porcelain  tube.  The  general  re-  ^ 
suits  of  these  experiments  was  that  alcohol,  sp.  gr.  0.792  at  68^ 
consists  of  m 

Carbon , 51.98 

Oxygen 34.32 

Hydrogen  .  •  •  # 13.70 


100. 
Y  2 
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The  atomic  constitution  most  nearly  agreeing  with  this 
statement,  is  the  following ;  and  the  close  coincidence  between 
the  experimental  results,  and  the  numbers  in  the  last  column, 
strongly  confirms  its  probability. 

Carbon  ....••  2  atoms  ....  12   52.17 

Oxygen 1  ditto    ....     8    34.79 

Hydrogen ....  3  ditto    ....     3   • 13.04; 

23  100. 

Dr.  lire  has  analyzed  alcohol  by  combustion  with  peroxide 
of  copper,  and  found  it  composed  of 

Carbon 3  atoms  • .  •  •  18  ..••••  46.15 

Oxygen 2  ditto    ....  16  ......  40.03 

Hydrogen  ....  5  ditto    ....     5 12.82 

39  100. 

His  alcohol,  however,  had  the  sp.  gr.  0.812,  and  must  there- 
fore  have  contained  6  per  cent,  of  water.  Excluding  this,  100 
paits  of  sp.  gr.  .792,  must  have  been  composed  of 

Carbon 49.10 

Oxygen 36.81 

Hydrogen 14.09 

100. 

We  may  consider,  then,  the  accuracy  of  Saussure's  experi- 
ments as  standing  unimpeached,  and  the  most  probable  con- 
stitution of  alcohol  to  be.  2  atoms  of  carbon,  +  1  of  oxygen, 
+  3  of  hydrogen.  But  in  order  to  compare  its  composition 
with  that  of  ether,  it  will  be  found  more  convenient  to  double 
these  numbers,  and  to  consider  alcohol  as  represented  by 

Carbon 4  atoms 24 

Oxygen 2  ditto    16 

Hydrogen 6  ditto    6 

46 

The  two  atoms  of  oxygen  are  probably  associated  with  two 
atoms  of  hydrogen,  composing  two  atoms  of  water ;  and  the 
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remaining  foor  atoms  of  hydrogen  with  four  atoms  of  carboQ^ 
forming  four  atoms  of  olefiant  gas.  We  may  consider  alcohol^ 
then,  as  constituted  of 

Olefiant  gas  •  •  •  •  4  atoms  •  •  •  •  7  x  4  =9  28    .  •  •  •  100. 
Aqueous  vapour •  2  ditto   •«••  9  x  2  as  18   ••••     64.29 

Weight  of  the  atom  of  alcohol 46 

And  100  parts  by  weight  of  alcohol,  consist  of 

Olefiant  gas 60.87 

Aqueous  vapour • •  •  S9.1S 

100. 

To  examine  the  coincidence  of  these  results  with  Gay  Lus- 
sac's  theory  of  combination  by  volumes,  we  have  only  to  divide 
the  actual  weights  of  the  olefiant  gas  and  aqueous  vapour  pre- 
sent in  alcohol  by  their  respective  densities^  which  gives  their 
volumes*    Thus, 

100.      -i-  .9722  (density  of  olefiant  gas)  s  102.75  vols. 
64.29  -I-  .675  (density  of  aq.  vapour)  2s  102.86  vols. 

Hence  it  appears  that  alcohol  is  constituted  ot  102. 7J  vo- 
lumes of  olefiant  gas,  +  102.86  volumes  of  aqueous  vapour. 
These  proportions  approach  so  very  nearly  to  equality,  that 
we  may  admit  alcohol  to  consist  of  precisely  equal  volumes  of 
olefiant  gas  and  aqueous  vapour.  To  determine  the  state  of 
condensation  in  which  these  elements  exist,  it  is  necessary  to 
compare  the  density  of  the  vapour  of  alcohol,  as  determined 
by  experiment,  with  that  which  would  result  from  theory. 
Now  the  density  of  the  vapour  of  alcohol,  ascertained  by  Gay 
Lussac's  experiments,  is  1.613;  and  on  the  supposition  that 
the  condensation  of  the  elements  of  alcohol  is  half  the  sum 
of  their  united  volumes,  we  obtain  .9722  +  .625  =  1.599; 
which  is  a  coinddence  as  near  at  can  be  expected  in  such 
a  case. 

In  order  to  understand  the  theory  of  the  production  of  al" 
cohol,  which  has  been  proposed  by  Gay  Lussac,  it  is  necessary ' 
to  recapitulate  the  results  of  the  analysis  of  sugar,  made  by 
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that  philosopher  in  conjunction  with  Thenard.    Its  composi- 
tion is  as  follows : 

Charcoal 42.47 

Oxyg^i  and  hydrogen  in  the  propor-*^ 
tions  required  to  form  water J     '' 

Or  of  102  volumes  of  gaseous  carbon  +  92  volumes  of  aqueous 
vapour. 

But  if  we  suppose  that  sugar  is  composed  of  40  parts  by 
weight  of  charcoal  and  60  of  water,  and  convert  these  weights 
into  volumes^  it  will  then  consist  of 

1  volume  of  charcoal  in  vapour, 
1  volume  of  aqueous  vapour, 

or  of 
1  volume  of  charcoal  in  vapour, 
1  volume  of  hydrogen, 
•t-  a  volume  of  oxygen. 

But  alcohol,  it  has  been  already  stated,  is  constituted  of 

-     ^  -  ^     ^  r  2  vols,  vapour  of  charcoal, 

lTol.ofolefi8ntgas=  {g  ^^Is.  hydrogen, 

fl  vol.  hydrogen, 
1  vol.  aqueous  vapour  =   <  ,  ^^j^ 


oxygen, 
or 
2  vols,  vapour  of  charcoal, 
Alcohol  s  ^  S  vols,  hydrogen, 

volume  of  oxygen. 


/2  vo 
=  <  S  vo 
t^a 


And  tripling  the  numbers  representing  the  elements  of  sugar, 
in  order  to  equalize  the  hydrogen  of  both, 

rS  vols,  vapour  of  charcoal, 
Sugar  =  *{  3  vols,  hydrogen, 

>S  half  volumes  of  oxygen. 

Comparing,  then,  the  composition  of  sugar  with  that  of 
alcohol,  it  follows  that  to  transform  the  former  into  the  latter, 
we  must  remove 

1  vol.  of  the  vapour  of  charcoal, 
1  vol.  of  oxygen  gas. 
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whichi  by  combining,  form  1  volame  of  carbonic  acid.  Re- 
ducing these  volumes  to  weights,  100  pounds  of  sugar  should 
afford  51.54  of  alcohol  and  48.66  of  carbonic  acid.* 

By  distillation  with  the  more  powerful  acids,  alcohol  under- 
goes an  important  change.  It  is  converted  into  a  liquid  con- 
siderably lighter  than  alcohol,  and  much  more  volatile  and 
inflammable,  and  miscible  only  in  small  proportion  with  water. 
This  fluid  has  received  the  generic  name  of  ether  ;  and  the 
peculiar  varieties  are  distinguished  by  adding  the  name  of  the 
acid,  by  the  intervention  of  which  they  have  been  prepared. 


SECTION  III. 
Eiher. 

I.  To  prepare  sulphuric  eihefj  pour  into  a  retort  any  quan- 
tity of  alcohol^  and  add,  at  intervals  sufiicient  to  allow  the 
mixture  to  cool  after  each  addition,  an  equal  weight  of  con- 
centrated sulphuric  acid,  agitating  them  together  each  time, 
and  taking  care  that  the  temperature  of  the  mixture  does  not 
rise  above  120^  Fahrenheit.  Let  the  retort  be  pieced  in  a 
sand-bath  previously  heated  to  MO^,  and  be  connected,  by 
means  of  an  adopter,  with  a  tubulated  receiver.  To  the 
tubulure  of  the  receiver,  a  glass  tube,  twice  bent  at  right 
angles,  may  be  luted ;  and  its  aperture  be  immereed  in  a  cup- 
ful of  water  or  mercury.  The  condensible  vapour  is  thus 
confined;  while  the  gases  that  are  produced  are  allowed  to 
escape.  The  receiver  and  adopter  should  be  kept  cool  by  the 
application  of  ice  or  of  moistened  cloths.  As  soon  as  the 
materials  begin  to  boil,  ether  is  produced,  and  passes  over 
into  the  receiver.  The  ebullition  is  to  be  continued,  till  white 
vapours  appear  in  the  retort,  or  a  smell  of  sulphurous  acid  is 
perceived;  and  the  receiver  is  then  to  be  removed.  The 
liquor,  which  it  contains,  will  probably  have  the  sp.  gr.  .78  or 
•79,  and  will  emit  a  smell  of  sulphurous  acid.    To  purify  it,  a 

*  Gay  Lussac,  95  Ann.  de  Cbim,  31 1. 
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small  qaaDtity  of  black  oxide  of  manganese  may  be  added»  and 
the  mixture  may  be  kept  in  a  bottle  about  24;  hours,  agitating 
it  occasionally.  The  clear  liquid  is  then  to  be  decanted,  and 
distilled  in  a  water  bath,  till  one  half  has  come  over ;  the  sp. 
gr.  of  which  should  be  at  most  .75.  This  is  to  be  preserved  in 
a  welUclosed  phial.  Its  weight  will  be,  to  that  of  the  alcohol 
employed,  as  about  1  to  8.  It  may  be  further  purified,  and 
rendered  specifically  lighter,  by  the  action  of  water,  applied  in 
*  a  manner  which  will  presently  be  described. 

li^  when  the  ether  ceases  to  be  formed,  the  receiver  be  re* 
moved,  and  the  heat  still  continued,  sulphurous  acid  is  pro- 
duced abundantly,  and  a  yellowish  liquor,  very  different  from 
ether,  distils  over.  This  may  be  mixed  with  a  small  quantity 
of  liquid  potassa  to  correct  the  sulphurous  smell,  and  then 
submitted  to  a  heat  sufficient  to  drive  off  the  small  proportion 
of  ether.  The  oil  of  wine  remains  swimming  on  the  watery 
liquid. 

II.  NUric  ether  may  be  prepared  as  follows.  To  two  pints 
of  alcohol,  contained  in  a  glass  retort,  add,  by  degrees,  half 
a  pound  of  nitric  acid;  and,  after  each  addition,  cool  the  ma- 
terials, by  setting  the  retort  in  a  vessel  of  cold  water.  Distil 
the  mixture  by  a  very  cautiously  regulated  heat,  till  about  a 
pint  and  a  half  have  come  over.  In  this  state  the  ether  is  &r 
from  being  pure^  and  must  be  redistilled,  with  the  addition  of 
pure  potassa,  preserving  only  the  first  half  or  three-fourths 
that  come  over. 

2.  Thenard  prepared  nitric  ether  by  the  following  process : 
Into  a  retort,  he  put  equal  parts  (about  16  oz.  of  each)  of 
alcohol  and  nitric  acid ;  and  adapted  to  it  in  succession,  by 
means  of  glass  tubes,  five  tall  bottles,  half  filled  with  a  satu- 
rated solution  of  muriate  of  soda.  In  the  last  was  a  bent 
tube,  opening  under  a  jar,  to  receive  the  gaseous  producu. 
The  bottles  were  surrounded  by  a  mixture  of  pounded  ice  and 
salt,  which  was  stirred  occasionally.  To  commence  the  opera- 
tion, a  little  fire  was  applied,  but  it  soon  became  necessary  to 
extinguish  it,  and  to  cool  the  retort.  On  the  surface  of  the 
saline  solution,  in  each  of  the  bottles,  was  found,  after  the  pro- 
cess was  concluded,  a  yellowish  liquid,  equal  in  weight  to  about 
half  the  alcohol  employed.    That  in  the  first  bottle  was  im- 
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pure ;  but  the  remaining  four  contained  nitric  ether  free  from 
admixture. 

8.  By  the  distillation  of  crystallized  nitrate  of  lead,  a  yellow 
coloured  liquid  is  obtained,  which  is  nitrous  acid,  nearly,  if 
not  entirely,  free  from  water..  When  pure  alcohol  and  this 
fluid  are  mixed  tof^ether  by  a  little  at  a  time,  to  obviate  as 
much  as  possible  the  violent  heat  which  is  evolved,  nitric  ether 
is  formed  at  once ;  and  this  is,  perhaps,  the  best  way  of  pre-' 
paring  it.  (Ann.  of  Phil,  xvi,  82.) 

4.  Bouillon  Lagrange  has  proposed  the  following  process : 
Mix  together  in  a  mattrass  equal  weights  of  alcohol  and  nitric 
acid.  Saturate  this  mixture  when  cold  with  nitrous  gas  pro- 
duced in  the  usual  way.  To  the  mattrass  are  to  be  luted  a 
series  of  Woulfe's  bottles,  each  half  filled  with  a  saturated  so- 
lution of  common  salt.  The  mixture  gradually  becomes  hot, 
and  after  some  time  even  boils.  At  this  time  the  Woulfe's 
bottles  must  be  surrounded  by  a  freezing  mixture.  All  the 
nitric  ether,  amounting  to  3  ounces  from  8  ounces  of  alcohol^ 
will  be  found  floating  on  the  surface  of  the  solution  in  the  se- 
cond bottle.    (Ditto.) 

Nitric  ether,  prepared  by  any  of  these  processes,  has  a  yel- 
lowish colour,  a  strong  etherial  odour^  and  is  specifically  lighter 
than  water,  but  heavier  than  alcohol.  It  dissolves  in  the  latter 
fluid,  but  requires  for  solution  48  parts  of  water.  It  reddens 
litmus;  and  though  this  property  may  be  destroyed  by  a  little 
lime,  yet  the  ether  soon  becomes  acid  again  by  keeping.  It  is 
highly  combustible;  and  much  more  volatile  than  the  best  sul- 
phuric ether;  for  at  70^  Fahr.  it  produces  a  vapour  of  SO 
inches  force.  It  is  composed,  in  100  parts,  of  14.49  azote, 
88.45  carbon,  48.52  oxygen,  and  8.54  hydragen.* 

III.  To  prepare  muriatic  eiher,  add,  to  a  mixture  of  8  parts 
of  manganese  and  24  of  muriate  of  soda,  in  a  retort,  12  parts 
of  sulphuric  acid,  previously  mixed,  with  the  necessary  cau- 
tion, with  8  of  alcohol,  and  proceed  to  distillation.  The  etber, 
thus  obtained,  requires  to  be  rectified  by  a  second  distillation 
from  potassa ;  and  is  still  liable  to  be  contaminated  with  snl- 

*  Nkhobon't  Jounm),  sirisi.  144. 
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phone  ether.  A  more  certain  process,  which  is  not,  however, 
unaccompanied  with  some  difficulty,  consists  in  passing  chlo- 
rine gas  through  alcohol.  According  to  Klaproth,  this  kind 
of  ether  may,  also,  be  safely  and  effectually  prepared  bydis* 
tilling  equal  weights  of  alcohol  and  chloride  of  tin.  The  dis- 
tilled  liquid  is  to  be  rectified  by  a  second  distillation  with 
caustic  potassa.  An  improved  mode  of  preparing  this  ether, 
and  an  account  of  its  properties,  by  Thenard,  may  be  found  in 
Nicholson's  Journal,  xviii.  177,  or  in  the  Philosophical  Maga- 
zine^ XXX.  101.  Its  nature  has  been  a  subject  of  doubt. 
Boullay  considers  it  as  a  compound  of  muriatic  acid  and  al- 
cohol ;  but  Robiquet  and  Colin,  with  greater  probability,  re- 
gard it  as  a  compound  of  olefiant  gas  with  muriatic  acid.  This 
view  is  confirmed  by  the  observation  of  Ampere,  that  the  density 
of  muriatic  ether  is  precisely  that  of  muriatic  acid  gas  +  the 
density  of  olefiant  gas.  It  should  consist,  therefore,  of  equal 
volumes  of  these  two  gases,  united  without  any  condensation. 

The  properties  of  muriatic  ether  differ  firom  those  of  sul- 
phuric ether.  It  passes,  at  or  below  70°,  to  the  state  of  a  va- 
pour, the  sp.  gr.  of  which  is  2.2190  (Thomson),  air  being  1; 
in  a  liquid  state  its  sp.  gr.  at  40°  is  to  that  of  water  as  .870  to 
1.  It  dissolves  in  an  equal  volume  of  water,  and  the  solution 
has  a  sweetish  taste  mixed  with  that  of  peppermint.  It  does 
not  redden  vegetable  blues,  nor  precipitate  nitrate  of  silver,  or 
pro-nitrate  of  mercury.  It  is  extremely  inflammable,  and  the 
odour  of  muriatic  acid  is  developed  by  its  combustion. 

IV.  Chloric  etJier  may  be  formed  by  causing  a  current  of 
olefiant  gas,  and  another  of  chlorine,  to  meet  in  a  glass  bal- 
loon, taking  care  that  the  first  mentioned  gas  is  somewhat  in 
excess.  An  oily  fluid  condenses,  which  may  be  purified  by 
first  washing  it  with  a  little  water,  and  then  distilling  it  from 
fused  muriate  of  lime.  It  is  limpid  and  colourless,  and  its 
smell  and  taste  are  both  rather  agreeable.  Its  specific  gravity 
is  1.2201 ;  iu  boiling  point  152^  Fahrenheit;  its  vapour,  at 
49^  Fahrenheit,  supports  a  column  of  mercury  24.66  inches 
high;  and  the  specific  gravity  of  this  vapour  is  S.44S4,  air 
being  1.  It  bums  with  a  green  flame,  giving  out  a  smell  of 
muriatic  acid  and  much  soot.    It  is  composed  of  100  chlorine 
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+  38.88  olefiant  gas;  and  hence  it  maybe  inferred  to  consist 
of  one  atom  of  chlorine  and  two  atoms  of  olefiant  gas.* 

V.  Phosphoric  ether  may  be  obtained,  by  distilling  a  mix- 
ture of  thick  tenacious  phosphoric  acid  and  alcohol.  The 
first  product  is  a  portion  of  unchanged  alcohol.  After  this, 
a  liquid  passes  over,  which  has  an  ethereal  smell,  and  a  spe- 
cific gravity  inferior  to  that  of  alcohol.  It  is  very  volatile ; 
requires  for  solution  eig^t  or  ten  parts  of  water;  boils  at  100; 
and  burns  with  a  white  flame^  without  leaving  any  trace  of 
acid.f  ^ 

VI.  Fbioric  ether  has  been  obtained  by  distilling,  in  a  leaden 
retort,  a  mixture  of  equal  parts  of  fiuate  of  lime,  sulphuric 
acid,  and  alcohol.  The  product  of  this  distillation  was  again 
distilled  till  one  half  had  come  over,  to  which  potassa  was 
added.  This  precipitated  so  much  silex,  as  to  gelatinnte  the 
whole  mass,  which,  on  being  again  distilled,  gave  a  light 
ethereal  liquid  of  the  specific  gravity  .720. t 

VIL  Fluoboric  Ether. — When  a  current  of  fluoboric  gas  Is 
passed  into  alcohol,  the  latter  acquires  an  ethereal  odour,  and 
emits  fumes.  The  liquid  rectified  first  from  potassa,  and  af- 
terwards from  chloride  of  calcium,  is  analogous  to  sulphuric 
ether,  bums  like  it,  and  without  acid  fumes.  Its  specific  gra- 
vity is  0.75,  when  not  purified  by  washing  with  wdter.  As  it 
does  not  essentially  contain  any  of  the  acid  employed  in  form- 
ing it,  it  may  be  ranked  with  those  produced  by  sulphuric, 
phosphoric,  and  arsenic  acids.  Its  formation  appears  to  be 
owing  to  the  affinity  of  fluoboric  acid  for  water.  It  is  not  ac- 
companied by  the  production  of  sweet  oil  of  wine,  as  in  the 
case  of  sulphuric  ether. 

VIII.  Hydriodic  ether  was  first  prepared  by  Gay  Lussac  by 
the  distillation  of  equal  volumes  of  alcohol  and  of  hydriodic 
acid,  sp.  gr.  1.700.  This  ether  does  not  redden  litmus;  its 
sp.  gr.  at  72®  Fahr.  is  1.9206;  it  boils  at  148^  but  cannot  be 


•  Tbomson,  Werner.  Trans,  vol.  i. ;  and  Robiquet  and  Colin,  Ann.  de 
Chim.  et  Phys.  i.  and  ii. 

t  See  Bouliay,  Ann.  de  Chim.  Uii.  193. 
I  Nicholson's  Journal,  nii.  143.^ 
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set  on  fire  by  bringing  an  inflamed  body  near  its  snrfiuse. 
By  keeping,  it  acquires  in  a  few  days  a  rose  colour  from  the 
disengagement  of  a  little  iodine. 

IX.  Acetic  ether  may  be  formed  by  repeatedly  distilling 
concentrated  acetic  acid  (procured  from  acetate  of  copper) 
with  alcohol,  and  returning  the  distilled  liquor  to  the  charge 
in  the  retort.  The  ether,  thus  produced,  may  be  freed  from  a 
redundance  of  acid,  by  distillation  with  a  small  quantity  of 
potassa.  It  is  heavier  than  other  ethers,  its  specific  gravity 
being  .866.  It  is  volatile;  boils  at  128%  and  burns  with  a 
yellowish  white  flame.  During  combustion,  acetic  acid 
is  developed,  though  qone  can  be  discovered  in  the  ether 
before. 

This  process  has  been  repeated,  with  considerable  attention, 
by  Mr.  Chenevix.  By  repeatedly  distilling  to  dryness  a  mix- 
ture often  parts  of  alcohol  with  ten  parts  of  acetic  acid,  he 
ascertained  that  no  change  in  the  specific  gravity  of  the  product 
took  place  after  the  first  distillation.  Seven  twelfths  of  the 
acetic  acid  were  decomposed.  Dry  carbonate  of  potassa,  added 
in  sufficient  quantity  to  absorb  all  the  water,  gave  a  quantity 
of  ethereal  liquor,  which  weighed  7.4  parts,  and  had  the  specific 
gravity  of  8.6*1  .* 

X.  Ethers  from  benzoic^  malic^  oxalic^  citric^  and  tartaric 
acids,  have  also  been  prepared,  but  not  without  the  intervention 
of  a  mineral  acid,  which  renders  their  existence  as  distinct 
kinds  of  ether  somewhat  uncertain. 

Properties  of  Sulphuric  Ether. 

1.  It  is  extremely  light,  having  the  specific  gravity  of  .730, 
or,  according  to  Lovitz,  even  of  .632. 

The  specific  gravity  of  ether,  as  found  in  the  shops,  is  seldom 
less  than  .750.  It  is  in  fact  a  mixture  of  ether  and  alcohol. 
The  following  Table  has  been  constructed  by  Mr.  Dalton  from 
direct  experiments  on  mixtures  of  ether,  sp.  gr.  .720,  with  al- 
cohol of  sp.  gr.  .830. 

*  Add.  de  Chim.  Ixix.  45;    See  also  ThoiMurd  od  the  Action  of  Vegetable 
Acids  on  Alcohol,  Mem.  d'Arcueil,  ii.  6,  or  37  Phil.  Mag.  S16. 
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Table  of  the  Specific  Gravities  of  Mixtures  of.  Ether  and 
Alcohol. 

Ether.      Alcohol.  Sp.  Or. 

100  +  0  0.720 

90  +  10  0.732 

80  +  20  0.744 

70  +  SO  0.756 

60  +  40  0.768 

50   +  50  0.780 

40   4-  60  0.792 

30  +  70  0.804 

20  +  80  0.816 

10  +  90 0.828 

0  +  100 0.8S0 

From  this  Table,  it  should  appear  that  the  rectified  ether 
of  the  shops,  sp.gr.  0.750,  contains  about  25  per  cent,  by  weight 
of  alcohol,  and  the  unrectified  ether  from  55  to  60  of  alcohol, 
the  ethereal  portion  having  the  sp.  gr.  .720. 

2.  It  has  been  observed  by  Girard,  that  ether  escapes 
through  a  capillary  tube  with  much  greater  velocity  than 
either  water  or  alcohol,  the  relative  times,  for  equal  quantities 
of  each  fluid,  being  101  seconds  for  ether,  849  for  water,  and 
856  for  alcohol.  The  comparative  heights^  to  which  these 
three  fluids  rose  in  the  same  capillary  tube^  were  found  to  be 
nearly  6  for  ether,  9  for  alcohol,  and  IS  for  water.* 

S.  Ether  does  not,  like  alcohol,  combine  in  a  considerable 
proportion  with  water  i  and  when  the  two  fluids  are  shaken 
together,  they  mostly  separate  again  on  standing.  Water, 
however,  retains  about  one  tenth  its  weight  of  ether;  and  ac- 
quires an  odour  which  is  much  the  same  as  that  of  ether  itself. 
By  repeated  agitation  with  water,  ether  is  deprived  of  most  of 
the  alcohol  which  it  contains,  is  brought  to  a  high  degree  of 
purity,  and  acquires  the  property  of  dissolving  caoutchouc. 

The  process  of  washing  ether,  as  performed  in  presence  of 
Faujas  de  St.  Fond,  by  Mr.  Winch  of  London,  is  described 
by  the  former  as  follows :  Let  a  pint  of  good  sulphuric  ether 

*  6  Ann.  ds  Cbini.  et  Phys.  Sd9. 
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be  put  into  a  bottle  (or,  in  preference,  into  the  separator,  plate 
i.  fig.  3),  along  with  two  pints  of  water ;  agitate  the  two  liquids 
repeatedly  together;  then  let  them  stand  till  the  ether  has 
risen  lo  the  surface ;  and  draw  off  the  water  through  the  lower 
cock  Ij  leaving  the  ether  in  the  vessel.  Repeat  this  process 
three  or  four  times,  or  till  scarcely  one-third  of  the  ether  re- 
mains; and  decant  the  residue  into  a  well-stopped  phial.  In 
this  ether  elastic  gum,  cut  into  thin  slips,  soon  begins  to  swell ; 
but  its  action  is  slow ;  and  about  the  end  of  five  days,  the  so- 
lution is  completed.  The  method  of  forming  tubes,  8lc.,  with 
this  solution,  is  described  in  the  first  volume  of  Faujas  de  St. 
Fond*s  Travels  in  England,  chap.  i. 

4?.  Ether  is  extremely  volatile.  A  few  drops,  poured  on  the 
hand,  evaporate  instantly ;  and  produce  a  sense  of  great  cold. 
By  pouring  a  small  stream  of  ether,  from  a  capillary  tube,  on 
a  thermometer  bulb  filled  with  water,  the  water  may  be  frozen, 
even  in  a  warm  summer  atmosphere.  Under  the  pressure  of 
the  atmosphere,  ether  of  sp.  gr.  .720  boils  at  96  or  98®  Fahr., 
and  in  vacuo  at  20  degrees  below  0.  Two  ounce  measures, 
when  converted  into  gas  at  the  temperature  of  72^°  Fahrenheit, 
fill  the  space  of  a  cubic  foot.*  According  to  Gay  Lussac,  ether 
produces  a  gas,  the  density  of  which  is  to  that  of  air  as  2.586 
to  1.     Berzelius  and  Dulong  state  its  density  to  be  2.5808. 

The  force  of  the  vapour  of  ether  may  be  beautifully  shown  by 
letting  up  a  drop  or  two  of  sulphuric  etherintothe  vacuum  ofa 
common  barometer,  when  it  will  instantly  depress  the  mercury 
several  inches,  more  or  less,  according  to  the  temperature.  It 
is  easy  to  know  in  this  way  what  force  the  vapour  of  ether 
will  at  any  time  acquire  in  air,  since  its  force  is  always  just 
the  same  in  air  as  in  a  vacuum  at  a  given  temperature.  Sup- 
pose its  force  in  vacuo,  when  the  barometer  stands  at  30,  to  be 

10  inches,  then     "  =1.5;  that  is,  if  ether  be  passed  up 

into  air  under  those  circumstances,  it  will  in  due  time  increase 
the  volume  of  air  50  per  cent.  This,  however,  is  true  only  of 
pure  ether,  for  if  impure  ether  be  passed  through  water,  it  is 
improved  in  quality,  though  diminished  in  quantity.  (Dalton.) 

*  Saussore,  jun. 
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When  gases,  mingled  with  the  vapour  of  ether,  are  confined 
by  dry  mercury,  they  may  be  kept  over  it  without  sustaining 
any  loss.  But  they  cannot  be  kept  over  alcohol  without  sus- 
taining a  rapid  loss  of  ethereal  vapour.  Over  water,  there  is 
a  loss  also,  but  much  less  rapid. 

The  force  of  the  vapour  of  ether  at  different  temperatures 
has  been  investigated  by  Mr.  Dalton  and  by  Dr.  Ui*e,  but  the 
results  of  the  latter  are  objectionable,  on  account  of  the  impu- 
rity of  the  ether  which  he  employed.  Mr.  Dalton  has  given 
the  following  Table^  showuig  the  force  of  ethereal  vapour  at  a 
few  temperatures : 

Temperatures  Force  of 
in  degrees  of  Fahr.                       ^           Etiiereal  Vapour. 

36^    7.5  inches. 

64 15. 

96 SO. 

132      60. 

173 120 

220      240 

The  experiments,  on  which  the  foregoing  Table  is  founded' 
were  not  carried  further  than  212^,  but  as  that  temperature 
gives  a  force  of  207  or  209  inches,  the  force  at  220  may  be  in- 
terred to  be  240. 

The  boiling  point  of  mixtures  of  ether  and  alcohol,  Mr.  Dal- 
ton found,  may  be  made  to  vary  from  96°  to  170°;  but  we 
cannot,  from  the  proportions  of  any  mixture,  infer  what  will  be 
the  boiling  point,  which  is  always  much  nearer  that  of  ether 
than  the  proportions  would  indicate. 

5.  A  mixture  of  sulphuric  and  muriatic  ethers  evaporates 
instantaneously,  and  produces  a  degree  of  cold  considerably 
below  0  of  Fahrenheit. 

6.  Sulphuric  ether  assumes  a  solid  form,  by  reducing  its 
temperature  to  —  46°  of  Fahrenheit. 

7.  Ether  is  alike  converted  into  a  gas,  either  by  raising  its 
temperature,  or  diminishing  the  pressure  of  the  atmosphere  on 
ite  surface.  The  experiments  proving  this  have  already  been 
described^  vol.  i.  p.  120. 
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8.  Ether  does  not  dissolve  the  fixed  alkali%  but  it  combines 
with  ammonia. 

9.  It  dissolves  essential  oils  and  resins,  and  takes  up  about 
a  twentieth  of  its  weight  of  sulphur,  which  is  deposited  as  the 
ether  volatilizes.  Ether  dissolves,  also,  a  smsJl  portion  of 
phosphorus,  and  the  solution,  when  poured  on  the  surface  of 
warm  water  in  the  dark,  emits  a  lambent  blue  flame. 

10.  The  slow  combustion  of  the  vapour  of  ether  is  best 
shown  by  passing  a  few  drops  into  a  receiver  fumbbed  with  a 
brass  cap  and  stop-cock,  to  which  a  small  pipe  is  screwed,  and 
inverted  in  water  of  the  temperature  of  100®.  The  receiver  will 
be  filled  with  the  gas  of  ether,  which  may  be  expelled  through 
the  pipe  and  set  on  fire.  It  bums  with  a  beautiful  deep  blue 
flame. 

11.  When  ether  is  previously  mixed  with  oxygen  gas,  it 
detonates  loudly.  Into  a  strong  two-ounce  phial,  filled  with 
oxygen  gas,  and  wrapped  round  with  a  cloth,  to  secure  the 
hand  from  injury,  let  fall  a  drop  of  ether.  On  applying  the 
flame  of  a  candle,  a  violent  detonation  will  ensue.  Or  to  a 
portion  of  oxygen  gas,  contained  in  the  detonating  tube,  fig. 
28,  pass  up  a  drop  or  two  of  ether.  The  volume  of  the  gas  at 
temperatures  from  60^  to  70®,  will  be  about  doubled ;  below 
those  temperatures  it  is  less  than  doubled ;  and  above  more  than 
doubled.  If  doubled,  or  upwards,  an  electric  spark  will  pro- 
bably not  occasion  an  explosion,  owing  to  the  excess  of  ethereal 
vapour.  To  produce  a  complete  combustion,  the  ether  vapour 
should  be  only  from  S  to  10  percent  of  the  volume  of  oxygen, 
and  the  residue  in  that  case  consists  of  oxygen  only.  Ten 
volumes  of  ether  vapour  produce,  according  to  Mr.  Dalton,  40 
volumes  of  carbonic  acid,  and  consume  60  of  oxygen.  Atmo- 
spheric air  does  not  form  a  combustible  mixture,  if  the  vapour 
exceed  5  per  cent.,  and  it  rarely  explodes  with  less  than  8 
per  cent. 

The  vapour  of  ether  explodes  also  with  chlorine,  as  is 
shown  by  the  following  experiment,  described  by  Mr.  Cruick- 
shank.  (Nicholson's  Journal,  4to.  v.  205.)  Fill  a  bottle  of  the 
capacity  of  three  or  four  pints,  with  chlorine  gas,  taking  care 
to  expel  the  water  as  completely  as  possible.   Then  throw  into 
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it  about  tt'dram  or  a  dram  and  a  half  of  good  ether,  covering 
its  mouth  immediately  with  a  piece  of  light  wood  or  paper. 
In  a  few  seconds  white  rapour  will  be  seen  moving  circularly 
in  the  bottle,  and  this  will  soon  be  followed  by  an  explosion, 
accompanied  with  flame.  At  the  same  time  a  considerable 
quantity  of  carbon  will  be  deposited,  and  the  bottle  will  be 
found  to  contain  carbonic  acid  gas. 

12.  Sulphuric  ether  was  first  observed  by  M.  Planche  to 
undergo  a  spontaneous  change  when  kept  in  a  vessel  not  en- 
tirely full,  and  frequently  opened  and  exposed  to  the  light. 
By  this  exposure  ether  becomes  acid  in  consequence  of  the 
production  of  vinegar,  and  loses  somewhat  of  its  sweet  odour 
and  its  volatility.*  This  observation  has  been  confirmed  by 
Gay  Lussac,t  who  found  that  ether,  which  had  been  very 
attentively  purified,  so  that  its  boiling  point  did  not  exceed 
96^  Fahrenheit,  nor  its  density  0.7119,  and  which  had  no 
action  on  turnsole,  acquired  this  last  prbpetty  by  keeping,  and 
at  the  same  time  became  specifically  heavier  and  less  volatile. 
When  a  part  of  the  ether  thus  altered  was  distilled  ofi^,  the 
residue  evidently  contained  both  acetic  and  sulphuric  ether, 
and  a  peculiar  kind  of  oil,  which  Oay  Lussac  thinks  it  proba** 
ble  exists  in  all  ether,  since  that  fluid,  even  when  recently 
and  skilfully  prepared,  leaves  an  evident  spot  on  the  glass  on 
which  a  few  drops  are  put  to  evaporate. 

13.  During  his  investigations  on  flame,  Sir  H.  Davy  dis- 
covered that  when  a  piece  of  fine  platinum  wire  is  heated  and 
placed  over  the  surface  of  ether  in  an  open  glass,  a  pale  lam« 
bent  flame  plays  around  it,  the  wire  becoming  red,  and  even 
white  hot,  and  frequently  inflaming  the  ether.  At  the  same 
time,  peculiarly  pungent  fumes  arise,  the  production  of  which 
takes  place  at  all  temperatures,  from  a  beat  rather  above  the 
boiling  point  of  mercury,  until  the  ether  is  inflamed.  These 
vapours  are  extremely  acrid  and  pungent;  they  resemble 
chlorine  in  smell ;  and  afiect  the  eyes  in  a  manner  similar  to 
the  compound  of  chlorine  and  nitrogen.  Their  nature  was 
examined  by  Mr.  Faraday.:^  By  passing  considerable  quan- 
tities of  a  mixture  of  atmospherio  air  and  ether  through  a 

-  -  -  -  -     •  -    - .  -      -.■,....--■>  ^  .     ■  ■  -■ 

*  Ann.  de  Chim.  et  Phyr.  if.  315.  f  tbid.  ii.  98. 

X  Journal  of  Sdencei  &c.  iii.  77. 
VOL,  II.  Z      • 
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heated  glass  tube,  containing  platinum  in  wire  and  leaf,  he 
obtained  a  clear  and  colourless  liquor,  of  a  slightly  acid  taste 
and  strong  irritating  smell.  It  reddened  litmus  paper,  as  did, 
also,  its  vapour.  When  heated  it  was  quickly  dissipated, 
leaving  on  the  capsule  a  slight  coally  mark.  It  united  to 
ammonia,  and  formed  a  neutral  salt,  which,  by  careful  evapo* 
ration,  might  be  obtained  solid,  but  was  volatile,  even  at  tem- 
peratures below  boiling  water,  producing  a  peculiar  fetid 
smell.  It  united  with  potassa,  and  fornred  a  salt,  from  which 
the  acid  was  expelled  by  heat  alone.  The  acid  solution  ex- 
pelled carbonic  acid  from  all  the  alkaline  carbonates;  and 
salts  were  obtained,  from  which  the  acid  was  again  expelled 
by  all  the  stronger  acids.  Mr.  Daniell,  also,  having  collected 
more  than  a  pint  and  a  half  of  this  acid  liquor,  investigated 
its  properties,  and  at  first  concluded  that  it  was  a  new  acid, 
which  formed  a  distinct  set  of  compounds  with  bases.  He 
gave  it,  therefore,  the  name  oflampicacld;  and  its  compounds 
diat  of  lampaies.  (Quart.  Journ.  vi.)  Having  since,  however, 
been  induced,  by  the  close  approach  of  its  equivalent  number 
to  that  of  acetic  acid,  to  resume  its  examination,  he  now  finds 
that  the  acid,  formed  during  the  slow  combustion  of  ether,  is 
merely  the  acetic,  holding  in  solution  some  compound  of  car- 
bon and  hydrogen,  which  differs  both  from  ether  and  alcohol. 
(Quart.  Journ.  xii.)  It  is  to  the  presence  of  this  compound 
that  lampic  acid  owes  its  property  of  precipitating  gold,  pla- 
tinum, silver,  and  mercury,  from  their  solutions  in  a  metallic 
state;  and  of  afibrding  salts,  which,  in  their  forms  and  proper- 
ties, differ  somewhat  from  acetates  formed  with  similar  bases, 

Cojnpasiiion  of  Sulphuric  Ether. 

By  following  the  same  processes  as  those  which  have  been 
already  described  in  speaking  of  alcohol,  and,  also,  by  the 
rapid  combustion  of  ether  with  oxygen  gas,  Saussure  found 
that  100  parts  of  sulphuric  ether,  of  specific  gravity  0.7155  at 
68^  Fahrenheit,  contain 

Carbon 67.98 

Oxygen 17.62 

Hydrogen  •••••.•••.,••  14.40 

100. 
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The  excess  of  hydrogen,  above  what  is  necessary  to  form 
water  with  17.62  parts  of  oxygen,  is  r2.07  parts,  wliich,  when 
added  to  the  carbon  (12.07  +  67.98)  give  80.05  for  the  olefiant 
gas  in  100  parts  of  ether.  The  remainder  19.95  parts  are 
water.  Ether,  therefore,  should  be  constituted  of  5  atoms  of 
olefiant  gas,  and  1  atom  of  water ;  or  of  6  atoms  of  hydrogen, 
5  of  churcoal,  and  1  of  oxygen. 

Dr.  Ure  has  analysed  ether,  sp.  gr.  .700,  by  igniting  it  with 
peroxide  of  copper,  and  finds  it  to  consist  of 

Carbon S  atoms ....  18    60.00 

Oxygen 1  ditto    • .  •  •     8    26.66 

Hydrogen  •'..  4  ditto    ....     4    13.34 

SO.  100. 

On  comparing  the  analytical  results  of  Saussure,  with  the 
theory  of  volumes,  Gay  Lussac  remarked  that  the  coincidence 
was  not  so  near  as  in  the  case  of  alcohol ;  for  ether,  according 
to  that  analj'sis,  should  consist  of 

Olefiant  gas 102.49  volumes. 

Aqueous  vapour    40.       ditto. 

But  the  density  of  the  vapour  of  ether  was  found  by  expe- 
riment to  be  2.581 ;  and  if  we  suppose  it  to  be  constituted  of 
100  volumes  of  olefiant  gas  and  50  volumes  of  aqueous  va- 
pour, or  of  two  volumes  of  the  former  and  one  of  the  latter, 
and  that  the  condensation  is  two  thirds  of  their  united  volume, 
we  obtain  2.5694  for  its  density,  calculated  from  its  assumed 
composition.  Hiis  would  lead  to  the  following  view  of  the 
constitution  of  ether,  which  is  probably  the  true  one: 

defiant  gas 4  atoms  • .  •  •  7  x  4  =  28 

Aqueous  vapour  •  •  1  ditto • 9 

37 
Or, 

Carbon 4  atoms  •  • . .  24   . .  •  •  64.86 

Oxygen 1  ditto   •  •  • .     8   • .  • .  21.62 

Hydrogen 5  ditto   .*••    5   •••.  13.52 

37  100. 

z  2 
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Contrasting,  then,  the  composition  of  alcohol  and  that  of 
ether,  it  will  be  easy  to  perceive  what  takes  place  when  the 
former  is  converted  into  the  latter. 


Alcdiol  consists  of 

Olefiant  gas 4  atoms 

Aqueous  vapour.  •  •  2  ditto 

Or,  in  volumes, 

Olefiant  gas ....  4  volumes 
Aqueous  vdpour   4  ditto 


Ether  consists  of 

Olefiant  gas  .  ^ ....  4  atoms 
Aqueous  vapour. .  •  1  atom 

In  volumes, 

Olefiant  gas ... .  4  volumes 
Aqueous  vapour   S  ditto 


To  change  alcohol  into  ether,  all  that  is  necessary  is  to  take 
away  one  atom,  or  two  volumes,  of  aqueous  vapour;  and  in 
this  removal  of  one  half  the  water,  which  forms  an  element 
of  alcohol,  it  seems  to  be  universally  agreed  that  etherification 
consists,  even  among  those  who  differ  as  to  the  precise  number 
of  atoms  constituting  those  fluids.  If  then  the  conversion 
could  be  made  without  any  loss,  46  parts  of  absolute  alcohol 
should  give  37  parts  of  ether,  or  100  parts  by  weight  of  alco- 
hol should  give  very  nearly  80^  of  ether,  a  proportion  which, 
owing  to  a  variety  of  causes,  can  never  be  obtained  in  prac- 
tice. 

When  we  act  upon  alcohol  with  a  proportion  of  sulphuric 
acid  sufficient  to  take  away  the  whole  of  the  water,  we  obtain 
little  or  no  ether.  Olefiant  gas  is  in  this  case  the  principal  pro- 
duct, mixed,  however,  with  some  sulphurous  and  carbonic 
acid  gases,  which  are  formed  by  tlie  too  energetic  action  of 
the  sulphuric  acid  on  the  carbon  of  the  alcohol.  We  can  at 
pleasure  then  convert  alcohol  either  into  ether  or  olefiant 
gas,  though  neither  of  those  products  is  wholly  unaccom- 
panied by  others,  resulting  from  a  still  fiirther  decomposition 
of  that  fluid  into  its  ultimate  elements. 
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SECTION  IV. 
Acetous  and  Acetic  Acids. 

These  namesi  were  applied,  by  the  framers  of  the  pew 
chemical  nomenclature,  to  denote  what  were  supposed  to  bf 
two  distinct  acids,  common  vinegar  purified  by  distillatioii 
being  termed  the  acetous^  and  the  highly  concentrated  acid^ 
formerly  called  radical  vifiegar,  being  denominated  acetic  To 
account  for  the  superior  strength  of  the  latter,  it  was  supposed 
to  contain  a  larger  proportion  of  oxygen,  derived  from  the 
metallic  oxide,  from  which  acetous  acid  is  generally  distilled 
when  converted  into  acetic.  The  experiments  of  Adet  were 
the  first  that  threw  any  doubt  upon  this  conclusion;  and 
though  they  appeared  to  be  contradicted  by  the  subsequent 
ones  of  Chaptal  and  Dabit,  yet  they  afterwards  received  the 
fullest  confirmation  from  the  researches  of  Darracq.  The 
last  mentioned  chemist  succeeded  in  converting  common  dis- 
tilled into  radical  vinegar,  under  circumstances  where  no  far- 
ther oxygenation  of  the  acid  could  possibly  be  effbcted,  vias. 
by  repeated  distillation  from  fused  chloride  of  calcium ;  which 
can  only  act  by  abstracting  water.  Both  terms,  however, 
may  be  retained  for  the  sake  of  brevity :  the  acetom  add  de- 
noting the  weak  acid  obtained  by  fermentation;  and  the 
aceticj  the  acid  in  its  concentrated  state. 

Acetous  acid  may  be  procured  by  exposing  in  casks  partly 
filled,  and  open  to  the  atmosphere^  at  a  temperature  between 
75^  and  90^  of  Fahr.  the  liquor  which  has  been  obtained,  by 
the  vinous  fermentation,  from  malt,  sugar,  or  other  substances. 
The  liquor  soon  becomes  warm;  a  number  of  ropy  filaments 
appear;  and  after  several  weeks,  it  will  be  found  to  have  ac- 
quired an  acid  taste  and  smell.  Little  or  no  gas  is  evolved ;  but, 
on  the  contrary,,  an  absorption  of  oxygen  takes  place.  There 
is  an  essential  difierence,  therefore,  between  the  circumstances 
attending  the  vinous  and  acetous  fermentations.  The  latter 
requires  the  access  of  air  as  an  indispensable  condition; 
whereas  the  vinous  fermentation  may  be  performed  in  close 
vessels,  or  at  least  in  vessels  which  only  allow  egress  to  the 
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elastic  fluids  that  are  produced.  It  must  not,  however,  be 
supposed  that  the  vinous  fermentation  is  required  as  a  pre- 
vious step  to  acidification ;  for  many  liquids  containing  sugar, 
mucilage,  or  starch,  become  sour  at  once,  without  passing 
through  the  former  change. 

Common  vinegar,  which,  ia  this  country,  is  chiefly  pre- 
pared from  an  infusion  of  malt,  sometimes  with  the  addition 
of  sugar  or  melasses,  and  in  France  from  weak  wines,  may  be 
purified  to  a  certain  extent,  by  submitting  it  to  distillation  in  a 
glass  retort.  The  best  malt  vinegar,  unadulterated  by  sul- 
phuric acid  or  colouring  matter,  has  a  specific  gravity  of 
1.0204.  When  distilled,  the  first  eighth  part  is  of  sp.  gr« 
0.99712,  and  contains  such  a  proportion  of  acid,  that  a  fluid 
ounce  dissolves  from  4.5  to  5  grains  of  precipitated  carbonate 
of  lime.  The  subsequent  six  eighths  are  of  sp.  gr.  1.002S, 
and  a  fluid  ounce  decomposes  8.12  grains  of  carbonate  of  lime. 
A  similar  quantity,  of  sp.  gr.  1.007,  decomposes  from  15  to  16 
grains  of  precipitated  carbonate  of  lime,  or  IS -8  grains  of 
marble.*  By  distillation,  however,  vinegar  can  only  be  im- 
perfectly purified,  and  it  alwaj's  acquires  a  burnt  flavour.  The 
distilled  liquor  contains  too  an  extractive  matter,  which  Dar- 
racq  considers  as  mucilage,  and  which  causes  it  to  become 
ropy  by  keeping,  and,  also,  as  Mr.  Chenevix  has  shown,  a 
portion  of  alcohol.  The  extractive  matter,  it  has  been  found 
by  the  latter  chemist,  cannot  be  removed  by  several  repeated 
distillations.  In  French  vinegar,  he  discovered  a  larger  pro- 
portion both  of  acid  and  alcohol,  with  less  of  mucilage,  than 
in  the  vinegar  of  this  country.  From  four  pints  of  distilled 
French  vinegar,  he  obtained  nearly  an  ounce  measure  of 
ardent  spirit. 

Acetous  acid  is  prepared,  also,  in  very  considerable  quan- 
tity, by  the  distillation  of  wood.  The  wood  is  inclosed  in  iron 
cylinders  or  retorts,  which  are  exposed  to  a  red  heat.  An 
immense  quantity  of  inflammable  gas  is  produced;  and  a 
liquid  called  formerly  pyroligneous  acid^  is  condensed,  which 
consists  of  acetous  acid  holding  in  solution  a  quantity  of  tar 
and  of  essential  oil.     These  impurities  it  is  possible  to  remove 


*  Philips  on  the  London  Pharai.  p.  7. 
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entirely;  so  that  the  acid,  thus  prepared,  may  be  employed 
for  all  the  purposes  of  vinegar. 

A  process,  for  the  decoloration  of  pyroligneous  acid  and  all 
kinds  of  vinegar,  has  been  proposed  by  Figuer.  The  agent 
he  employs  is  animal  charcoal,  which  may  be  prepared  by 
calcining  the  most  compact  beef  or  mutton  bones  in  a  cru- 
cible, to  which  a  cover  must  be  luted,  having  a  small  aper- 
ture, to  allow  the  escape  of  the  gases,  and  of  the  other  vola- 
tile substances.  Towards  the  close  of  the  calcination,  when 
no  more  flame  issues,  this  aperture  must  be  closed,  and  the 
heat  raised  for  half  an  hour.  To  a  wine  quart  of  cold  vinegar, 
an  ounce  and  a  half  of  this  charcoal,  finely  powdered,  is  to  be 
added,  and  occasionally  stirred.  In  2^  hours,  the  vinegar 
b^ins  to  lose  its  colour,  and,  in  three  or  four  days,  is  entirely 
deprived  of  it  It  is  then  to  be  filtered  through  paper,  and  it 
will  be  found  (if  the  charcoal  has  been  well  prepared)  to  re- 
tain its  acidity,  without  having  acquired  any  unpleasant  fla- 
vour. By  reducing  the  quantity  of  charcoal  to  one  half,  the 
change  is  still  eflbcted,  but  more  slowly. 

For  purposes  of  experimental  research,  acetic  acid  may  be 
prepared  by  distilling  from  a  glass  retort  any  quantity  of  the 
acetate  of  potassa  (which  may  be  obtained  imder  that  name  at 
the  druggist's),  with  half  its  weight  of  concentrated  sulphuric 
acid.  The  adopter  and  receiver  should  be  kept  cool  during  the 
distillation.  The  product,  which  will  be  found  contaminated 
with  a  little  sulphurous  acid,  may  be  put  into  a  bottle,  and 
shaken  at  intervals  for  24  hours  with  a  small  quantity  of  black 
oxide  of  manganese.  A  second  distillation  will  then  afibrd 
it  pure. 

Mr.  Pliillips  has  described  an  outline  of  the  following 
process,  as  a  good  and  economical  method  of  preparing  ace- 
tic acid:  dissolve  10  ounces  of  acetate  of  lead  (equivalent 
to  about  4i  ounces  of  dry  acetate  of  lime,  which  may  be  sub-  • 
stituted  if  more  convenient)  in  two  pints  of  distilled  or  rain 
water,  and  add  to  the  heated  solution  8-}-  ounces  of  crystal- 
lized sulphate  of  soda,  dissolved  in  a  pint  of  boiling  water. 
Mix  the  two  solutions,  which  will  be  mutually  decomposed. 
An  acetate  of  soda  will  be  formed,  and  may  be  decanted  or 
drained  through  a  cloth,  from  the  precipitated  sulphate  of 
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lead  or  lime.  Evaporate  the  solution  to  dryness,  taking  care 
to  employ  a  moderate  beat  at  the  last ;  reduce  it  to  powder ; 
and  put  it  into  a  retort,  with  three  ounces  of  sulphuric  acid, 
diluted  previously  with  an  ounce  of  water.  By  distillation 
at  a  gentle  heat,  about  5^  ounces  of  acetic  acid  will  be  ob« 
tained,  containing  42  per  cent,  of  real  acetic  acid.  .  The  con- 
tamination of  the  product  with  a  little  sulphurous  acid  is  not 
easily  discovered  by  the  smell,  on  account  of  the  strong  odour 
of  the  acetic  acid ;  but  it  is  easily  discriminated,  on  drawing  a 
little  of  the  vapour  into  the  lungs,  by  its  causing  a  sensation 
like  that  produced  by  breathing  the  fumes  of  burning  brim- 
stone. In  this  case,  the  acid  must  be  redistilled  from  l-16th 
or  l-20th  its  weight  of  acetate  of  lead.  By  using  very  dry 
acetate  of  soda,  and  very  concentrated  sulphuric  acid,  the 
product  will  contain,  when  rectified,  65  or  66  percent,  of  real 
acetic  acid ;  and  it  may  be  further  strengthened  by  allowing 
it  to  congeal  at  a  low  temperature.  The  congealed  portion, 
when  drained  from  the  fluid,  and  melted,  will  be  found  in- 
creased in  acidity  to  upwards  of  80  per  cent. 

The  sulphate  of  soda  may  be  washed  out  of  the  retort  with 
a  little  warm  water,  and  used  again  for  decomposing  a  similar 
quantity  of  acetate  of  lead  or  acetate  of  lime :  but  if  the  solu- 
tion contain  much  uncombined  sulphuric  acid,  it  will  be  ad- 
visable to  boil  it  dry,  and  to  heat  the  dry  salt  sufficiently  to 
expel  the  redundant  acid,  before  applying  it  to  effect  a  fresh 
decomposition.     (Ann.  of  Phil.  N.S.  ii.  223). 

Or,  lastly,  die  crystallized  bin-acetate  of  copper  (distilled 
verdegris,  see  p.  97),  contained  in  a  glass  retort,  which  may 
be  nearly  filled  with  the  salt,  may  be  submitted  to  distillation 
per  se  in  a  sand-heat.  The  acid  that  comes  over  has  a  green 
coldbr,  and  requires  to  be  rectified  by  a  second  distillation. 
Its  specific  gravity  then  varies  from  1.056  to  1.080.  If 
the  products  be  reserved  in  separate  portions,  it  has  been 
obseiTed  by  MM.  Derosne,*  that  those  which  are  obtoined 
towards  the  close,  though  specifically  lighter  than  the  earlier 
ones,  are  still  more  powerfully  acid,  assuming,  as  the  test  of 
their  strength,  the  quantity  of  alkali  which  they  are  capable 


*  Annates  de  Cfaituie,  Ixiii.  267. 
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of  saturating.  The  last  products,  it  was  found  also,  when 
submitted  to  distillation,  yield  a  liquid  which  has  even  less 
specific  gravity  than  water.  This  liquid  may  be  obtained,  in 
a  still  more  perfect  state,  by  saturating  the  latter  portions  of 
acetic  acid  with  caustic  and  solid  potassa ;  the  acetate  of  po- 
tassa  precipitates  ;  and  a  fluid  swims  above  it,  which  may  be 
rectified  by  distillation  at  a  gentle  heat.  It  is  perfectly  limpid ; 
has  a  penetrating  taste ;  is  lighter  than  alcohol ;  evaporates 
rapidly  with  the  production  of  cold  when  poured  upon  the 
hand ;  and  is  highly  inflammable.  It  does  not  redden  litmus. 
Excepting  that  it  is  miscible^  in  any  proportion,  with  water, 
it  has  all  the  qualities  of  ether,  and  like  that  fluid  has  the 
power  of  decomposing  the  uitro-muriate  of  gold.  MM. 
Derosne  have  proposed  for  it  the  name  of  pj/rth-aceiic  ether. 
Its  production,  they  observe,  is  confined  to  the  latter  stages 
in  the  distillation  of  acetate  of  copper,  and  is  owing,  they  6up«« 
pose,  not  to  any  modification  of  alcohol,  but  to  changes  in 
the  arrangement  of  the  elements  of  the  salt. 

These  observations  are  confirmed  by  the  subsequent  ones  of 
M.  MoUerat.*  Examining  two  portions  of  acetic  acid,  which 
had  precisely  the  same  sp.  gr.  (viz.  1.063),  he  found  that  the 
one  contained  87  per  cent,  of  real  acid,  and  the  other  only 
4<1.  The  first  he  is  disposed  to  consider  as  the  strongest  acetic 
acid  that  can  be  procured.  It  may  be  distilled  at  a  very 
moderate  heat  with  great  rapidity,  and  without  entering  into 
ebullition.  To  this  acid,  having  the  sp.  gr.  1 .063  (and  of 
which  100  grains  required  for  saturation  250  of  sub-carbo- 
nate of  soda),  he  gradually  added  water,  and  found,  though 
water  is  lighter  than  the  a^id,  yet  that  the  density  of  the  mix- 
ture increased  till  it  became  1.07^«  From  this  point,  the  ad- 
ditions of  water  occasioned  a  regular  diminution  of  specific 
gravity.  M.  Chenevix  has  since  observed  the  same  anomaly,  in 
the  acid  produced  from  acetate  of  silver. 

Acetic  acid,  thus  prepared,  has  several  remarkable  proper* 
ties.  Its  smell  is  extremely  pungent,  and  it  raises  a  blister 
when  applied  to  the  skin  for  a  moderate  length  of  time.  When 
heated  in  a  silver  spoon  over  a  lamp,  its  vapour  may  be  set  on 

*  Aamles  de  Cbiinie,  Uviii.  88 ;  or  Nicholson's  Joum.  xxv.  155. 
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fire.  At  the  temperature  of  about  S8^  Fahr.  it  becomes  solid 
and  shoots  into  beautiful  crystals,  which  again  liquefy  at  40^. 
Acid  of  sp.  gr.  1.063  crystallizes  even  at  the  temperature  of 
55°  Fahr.  and  does  not  melt  again  till  raised  to  nearly  70^. 
These  crystals  Dr.  Thomson  supposes  to  consist  of  J  atom  of 
acid  +  1  atom  of  water.  (Ann.  of  Phil.  N.S.  ii.  142.)  By 
saturation  with  alkalis  they  appear  to  contain  S3  per  cent,  real 
acid,  (Quart  Journ.  vi.  26.)  which  approaches  nearly  to  an 
atom  of  each.  Such  a  compound  would  require  that  the  acid 
should  contain  84.5  per  cent,  of  real  acetic  acid,  which  does 
not  deviate  much  from  the  experimental  result.  Acetic  acid 
appears  not  to  be  easily  destructible  by  heat ;  for  Mr.  Chenevix 
transmitted  it  five  times  through  a  red-hot  porcelain  tube, 
with  the  eflect  of  only  a  partial  decomposition. 

Gay  Lussac  and  Thenard,  and  Berzelius,  have  analyzed  ace- 
tic acid ;  the  two  first  by  the  combustion  of  acetate  of  baryta, 
of  known  composition,  with  chlorate  of  potassa ;  and  Berze- 
lius by  the  combustion  of  the  same  salt,  very  carefully  dried, 
with  peroxide  of  copper.  (Ann.  of  Phil.  iv.  323.)  Their 
results  are  as  follow.  One  hundred  grains  of  acetic  acid 
consist  of 

Carbon.  Ozygeu.        U/drogeo. 

According  to  Gay  Lussac .  .50.224 .  • .  .44.147 . .  •  .5.G29 

■  Berzelius  ..••  46.8     ....46.9     ....6.8 

The  proportions  obtained  by  Gay  Lussac  and  Thenard  may 
be  stated  also  as  follows : 

Carbon 50.224 

Oxygen  and   hj^drogen  in  the  \   Af^qt^ 

same  proportions  as  in-  water  J    *^*^^  * 

Excess  of  oxygen 2.865 

100. 

The  most  probable  constitution  of  acetic  acid,  derived  from 
the  analysis  of  its  salts,  is  the  following: 

Carbon 4  atoms   ....  24 48 

Oxygen 3  ditto     . . .  .*  24 48 

Hydrogen ....  2  ditto     ....     2 4 

50  100 
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Its  equivalent,  according  to  this  view  of  its  composition, 
is  50. 

It  has  already  been  observed  that  the  strength  of  acetic 
acid  is  not  accurately  represented  by  its  specific  gravity,  and 
it  had  long  been  desirable  to  find  a  test  which  should  express 
its  degree  of  acidity  with  uniform  correctness.  This,  it  is  evi- 
dent, may  be  done  by  determining  the  quantity  of  alkaline  or 
earthy  substances  required  for  its  saturation ;  for  the  stronger 
the  acid,  the  greater  the  quantity  of  any  alkali  or  earth,  which 
it  will  be  capable  of  neutralizing..  One  hundred  parts  by 
weight  of  real  acetic  acid  are  found  to  neutralize  290  of  crys- 
tallized, =  107.7  parts  of  anhydrous,  carbonate  (or  sub-car- 
bonate) of  soda.  (Vol.  i.  p.  543.)  It  is  easy  then,  after  as- 
certaining the  quantity  of  carbonate  of  soda  which  any  speci- 
men of  acetic  acid  is  capable  of  neutralizing,  to  calculate  its 
strength  by  the  rule  of  proportion  ;  or  if  any  other  alkaline 
or  earthy  compound  be  preferred  as  a  test  to  carbonate  of 
soda,  the  scale  of  equivalents  will  at  once  show  how  much 
should  be  employed  of  the  test  which  may  be  substituted. 

In  the  acetomeier  invented  by  Messrs.  J.  and  P.  Taylor, 
which  has  been  adopted  by  the  Excise,  for  determining  the 
rate  of  duty  on  vinegar,  hydrate  of  lime  is  employed  to  satu- 
rate the  acid,  and  the  specific  gravity  of  the  resulting  solution 
of  acetate  of  lime  is  made  the  measure  of  the  strength  of  the 
acid.  Vinegar  containing  5  parts  of  real  acid  in  1 00  parts 
by  weight,  or  saturating  14.5  of  crystals  of  carbonate  of  soda 
(the  kind  called  by  the  London  Vinegar  Mokers,  No.  24),  is 
taken  as  a  standard ;  and  when  neutralized  by  hydrate  of  lime, 
an  hydrometer  stands  in  it  at  the  mark  on  the  stem  which 
is  called  proof.  To  keep  the  stem  of  the  instrument  |tt  the 
same  mark,  when  immersed  in  stronger  acids  saturated  with 
lime,  it  is  loaded  with  a  series  of  weighu,  each  of  which  in- 
dicates 5  per  cent,  of  acid  above  proof,  up  to  35,  which  of 
course  contains  5  +  35  =  40  per  cent,  of  real  acetic  acid. 
(Quart.  Journ.  vi.  255.)  This  is  the  greatest  strength  at 
which  the  duty  is  levied  by  the  gallon,  that  on  stronger  acids 
being  regulated  in  a  different  manner. 

Acetic  acid  forms  with  the  different  bases,  a  class  of  salts 
called  acetates. 
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Acetate  ofpoiassa  may  be  prepared  by  saturating  pure  ace- 
tic acid  with  potassa.  As  found  in  the  shops,  it  is  not  crys- 
tallized, but  occurs  in  a  foliated  form,  which  it  has  assumed 
after  cooling  from  a  state  of  fusion.  It  is  very  deliquescent* 
and  extremely  soluble  in  water*  and  soluble  in  twice  its 
weight  of  boiling  alcohol.     It  is  probably  constituted  of 

Fotassa 1  atom   ••••..  48    .49 

Acetic  acid    .  •  1  ditto   50   51 

98  100 

But  it  is  difficult  to  obtain  it  entirely  free  from  water,  with- 
out either  expelling  or  decomposing  a  little  of  its  acid  ingre- 
dients. 

Acetate  of  soda  may  be  formed  by  the  direct  combination 
of  acetic  acid  with  carbonate  of  soda;  or,  it  may  be  prepared 
by  mixing  solutions  of  1  part  acetate  of  lime,  and  2  of  crys- 
tallized sulphate  of  soda,  =  0.9  desiccated ;  decanting  the 
liquid  part;  washing  the  precipitate  with  more  water;  and 
evaporating  the  washings  to  a  proper  consistency  for  crystal- 
lization. To  obtain  good  crystals,  a  slight  excess  of  alkali 
is  necessary.  These  crystals  are  permanent  when  exposed  to 
air,  require  for  solution  between  twice  and  three  times  their 
weight  of  water  at  60^ ;  and  are  soluble  to  a  considerable  ex- 
tent in  boiling  alcohol.  This  salt  may  be  heated  to  about 
550%  with  the  loss  only  of  its  water  of  crystallization ;  but  at 
a  higher  temperature  its  acid  ingredient  is  decomposed. 
(Thomson,  Ann.  of  Phil.  N.S.  ii.  143.)  It  consists,  according 
to  Berzelius,  of 

Acetic  acid S6.95 

Soda 82.94 

Water 40.11 


100. 

Or*  exclusively  of  water,  of 

Acid 61.689   100. 

Soda 38.311    62.1 


100. 
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Its  theoretical  constitution  is 

Acid  ....  1  atom  •  •  •  •  £0    60.98 

Soda  ....  1  ditto  ....  S2   39.02 


8S  100. 

The  crystals  appear  to  consist  of  1  atom  of  anhydrous  salt 
=  82,  +  6  atoms  of  water  =  54f,  together  136. 

Acetate  of  ammonia  derives  its  chief  importance  from  having 
been  long  employed  in  medicine  as  a  febrifuge,  under  the  name 
of  Mindererus's  Spirit.  It  is  difficult  to  obtain  it  in  crystals ; 
but  its  solution,  by  very  gentle  evaporation,  may  be  made 
to  deposit  small  needles.  It  is  volatile  at  250^  Fahr.  and 
condenses  in  long  slender  flattened  crystals.  From  theory  it 
should  consist  of  100  acid  +  34  base,  or  75  +  25;  but  these 
proportions  do  not  agree  with  the  experimental  result  of 
Wenzel,  which  gave  62.45  acid  +  37.55  base;  nor  with  those 
of  Richter,  vie.  68.77  acid  +  31.23  base. 

Acetate  of  lime  may,  by  carrful  evaporation,  be  obtained  m 
small  silky  crystals.  It  is  permanent  in  the'air,  and  very  soluble 
both  in  water  and  alcohol.  It  is  difficult  to  render  it  so  dry, 
as  to  yield  by  analysis  more  than  33.5  or  34  parts  of  base  from 
100  of  the  salt;  but  Berzelius  states  its  composition  to  be 

Acetic  acid 64.218    100. 

Lime 35.782    55.74 


100. 

The  proportions  deducible  from  the  atomic  weights  of  its 
elements  are 

Acetic  acid  • .  1  atom  •  •  •  •  50   t 
Lime 28   • 

78  100. 

An  impure  acetate  of  lime,  prepared  with  pyroligneous  acid^ 
is  very  extensively  used  in  the  preparation  of  acetate  of  alu* 
mina  for  the  use  of  dyers  and  calico  printers,  and  of  vinegar 
makers. 

Acetate  of  baryta  is  a  crystaHioable  salt,  which  does  net 
grow  mois^  but  rather  loses  a  portion  of  its  water^  by  expo- 
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sure  to  the  air.  It  requires  for  solution  about  twelve  parts  of 
cold,  and  not  quite  two  parts  of  boiling  water.  Alcohol  dis- 
solves only  a  very  small  proportion.  By  distillation  per  se 
Mr.  Chenevix  finds  that  it  gives  pure  pyro-acetic  ether,  of  the 
specific  gravity,  0.845,  coloured  by  a  little  enipyreumatic  oil. 
Gay  Lussac  and  Theuard  state  its  composition  to  be 

Acetic  acid 43.17 

Baryta 56.83 

100. 
Its  atomic  constitution,  however,  should  be 

Acetic  acid  ....  1  atom    ....  50   ....  39.07 
Baryta 1  ditto   ....  78    ....  60.93 


128  100. 

Acetate  of  strontia  is  more  soluble  than  the  last  mentioned 
acetate,  requiring  only  about  twice  its  weight  of  cold  water 
for  solution.  Its  properties  have  not  been  fully  investigated. 
It  probably  consists  of  48.08  acid  +  51.92  base. 

Acetate  of  magnesia  cannot  be  obtained  in  crystals,  but  only 
in  the  state  of  a  thick  viscid  mass,  which  is  extremely  deli- 
quescent, and  soluble  both  in  water  and  alcohol. 

Acetate  of  alumina  is  generally  formed,  by  double  decom- 
position, from  the  mixed  solutions  of  acetate  of  lead  or  lime 
and  sulphate  oF  alumina.  It  is  a  compound  of  consider- 
able importance  from  its  use  in  dyeing  and  calico-printing. 
When  applied,  however,  to  these  purposes,  it  contains  always 
a  considerable  quantity  of  alum.  The  properties  of  the  pure 
combination  of  alumina  with  acetous  acid  arc  but  imperfectly 
known,  but  it  seems  probable  that  it  is  a  bin-acetate.  Gay 
Lussac*  has  found  that  it  has  the  remarkable  quality  of  being 
decomposed  by  heat  and  of  .depositing  alumina,  which  it 
re->dissolve8  on  cooling.  The  effect  takes  place,  even  in 
vessels  hermetically  sealed,  and  when  the  solution  has  an  ex* 
cess  of  acid,  and  seems  to  bear  some  analogy  to  the  coagula* 
tion  of  animal  albumen. 

•  74  Ann.  de  Chii|ii  9d ;  and  6  Am,  deCliioi.  et  Phjrs.  201. 
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All  the  fnelallic  acetates  that  are  of  any  importance  have 
been  already  described  in  the  history  of  tlie  individual  metals. 
To  our  knowledge  of  the  properties  general  to  this  class  of 
salts,  some  valuable  additions  were  made  by  Mr.  Chenevix.'*^ 
By  distilling  per  se  the  different  metallic  acetates,  that  excel- 
lent chemist  found  that  the  salts  with  bases  of  lead,  zinc,  and 
manganese,  yield  a  liquid  lighter  considerably  than  water,  but 
heavier  than  alcohol,  and  containing  only  a  very  small  pro- 
portion of  acid.  This  degree  of  levity  is  owing  to  the  pre- 
sence of  the  peculiar  fluid,  which  Derosne  has  termed  pyro- 
acetic  ether,  but  to  which  Mr.  Chenevix  is  of  opinion,  the  less 
definite  name  oi pyro^acetic  sptril  will  be  better  adapted,  till  we 
obtain  a  more  accurate  knowledge  of  its  nature  and  proper- 
ties. 

Of  all  the  metallic  acetates,  that  of  silver  gave  acetic  acid  of 
the  greatest  specific  gravity,  and  of  greatest  power  in  neutra^ 
lizing  alkalis.  In  this  respect,  it  exceeded,  by  about  one 
fifth,  an  equal  weight  of  the  acid  distilled  from,  copper.  It 
contained,  however,  none  of  the  pyro-acetic  spirit  discovered 
in  the  acid  from  copper.  The  residuum  in  the  retort  contained, 
in  every  case,  a  proportion  of  charcoal.  When  the  acetates 
of  silver,  nickel,  copper,  or  lead  were  distilled,  the  metal  was 
found  in  a  metallic  state;  but  zinc  and  manganese  were  left 
in  the  state  of  oxides. 

The  pyro-acetic  spirit,  obtained  from  the  acetate  of  lead^ 
Mr.  Chenevix  describes  as  perfectly  limpid  and  colourless. 
It  has  a  taste,  which  at  first  is  sharp  and  burning,  but  after- 
wards becomes  cool  and  somewhat  resinous.  Its  smell  resem- 
bles that  of  volatile  oils,  but  it  is  not  easy  to  say  of  which  par- 
ticuUr  one.  Its  specific  gravity,  when  rectified  by  muriate  of 
lime,  is  0.86^.  It  is  very  combustible,  and  leaves  no  sensible 
residue.  Its  boiling  point  is  1 38^  Fahrenheit.  It  is  miscible 
in  all  proportions,  with  water,  with  alcohol,  and  with  all  the 
volatile  oilsj  and,  at  a  temperature  considerably  below  its 
boiling  point,  with  the  fixed  oils.  When  heated  it  dissolves 
sulphur  and  wax. 

•  Aun.  dc  Chim.  vol.  Ixix ;  or  Nicholson's  Joornal,  vol.  xxvi. 
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CHAPTER  XII. 

ANiMAt    StTBSTANCKS. 

Thb  products  of  vegetable  and  of  animal  life,  though  they 
agr?e  in  many  of  their  eicternal  characters,  and  even  in  acme 
of  their  chemical  relations,  present  several  circumstances  of 
distinction,  which,  in  general,   sufficiently  discriminate  the 
two  classes.     Animal  substances  are  the  results  of  still  more 
delicate  processes,  and  of  a  more  refined  organization ;  and 
the  balance  of  affinities,  by  which  they  exist,  is  disturbed  by 
still  slighter  causes.     To  the  three  great  components  of  vege- 
table matter  (oxygen,  hjdrogen,  and  carbon)  a  fourth  is,  in 
animal  substances,  added,  and  constitutes  a  large  proportion 
of  their  structure.     To  the  nitrogen,  which  they  contain,  are 
owing  some  of  the  most  important  qualities  that  distinguish 
this  class  of  compounds.     Hence  it  is,  that  instead  of  passing 
through  the  vinoUs  or  acetous  fermentations,  they  are  pecu- 
liarly prone  to  undergo  putrefaction ;  and  that,  during  this 
change,  they  yield,  among  other  products,  both  nitrogen  gas 
and  ammonia.     When  exposed  to  a  high  temperature,  am- 
monia, cyanogen,  and  their  compounds,  are  also  generated 
in  great  abundance ;  little  or  no  acetic  acid  is  produced ;  and 
the  coal,  which  remains,  diflers  from  vegetable  charcoal,  in 
1)eing  much  less  combustible.     This  general  description,  how- 
ever, though  it  applies  to  most  individuals  of  the  animal  king- 
dom, is  not  strictly  true  with  respect  to  all.    Animal  jelly,  for 
example,  is  rendered  sour  by  spontaneous  decomposition.    A 
few  vegetable  substances^  it  may  also  be  added,  gluten  for  in- 
stance, in  consequence  of  containing  azote  as  an  element,  be- 
come at  once  putrid ;  and  furnish  ammonia  when  decomposed 
by  heat. 

In  the  analysis  of  animal  substances,  less  precision  had  till 
lately  been  attained,  than  in  that  of  mineral  and  vegetable 
products.  It  may  be  considered  as  of  two  di£Perent  kinds. 
By  the  first  we  obtain  the  proximate  principles  of  animal 
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matter,  or  certain  compounds  which,  we  nciay  presume,  are 
separated  by  the  simple  processes  used  for  their  extraction,  in 
a  state  identical  with  that  in  which  they  exist  in  the  animal 
structure.    Th  us,  by  the  long  continued  action  of  hot  water  on 
bones,  we  form  a  solution,  which  separates  spontaneously  into 
two  distinct  substances,  fat  and  gelatine ;  while  the  earthy  in-. 
gredienU  remain  undissolved.    The  substances,  thus  obtained, 
arenot  very  numerous;  and  to  distinguish  them  from  more 
complicated  products  they  may  be  called  proximaie  animal 
compounds.    But,   by  spontaneous  decomposition,  or  by  the 
agency  of  heat,  we  give  origin  to  a  set  of  bodies  which  had  no 
existence  in  the  subject  of  experiment,  the  ultimate  eletneni$ 
of  which  are  thus  disunited,  and  are  re-combined  in  a  new 
manner.     Bones,  for  example,*  though  they  contain  no  volatUe 
alkali,  are  yet  composed,  in  part,  of  its  elements  (nitrogen  and 
hydrogen),  which,  at  a  high  temperature,  unite  and  generate 
ammonia. 

The  method  of  analysis  by  peroxide  of  copper,  so  success- 
fully affiled,  by  Gay  Lussac  and  Thenard,  to  the  products 
of  the  vegetable  kingdom,  has  been  extended  to  animal  sub- 
stances;* and,  in  the  history  of  each,  the  proportion  of  its 
ultimate  elements  will  be  stated,  chiefly  on  their  authority,  or 
on  that  of  subsequent  analysts.  Animal  substances,  they  ob- 
serve, contain  much  more  carbon  than  those  derived  from  the 
vegetable  world ;  in  all  of  them,  the  hydrogen  is  in  excess 
with  relation  to  their  oxygen  ;  and  lastly,  the  greater  this  ex- 
cess, the  more  azote  they  contain.  It  is  remarkable,  moreover, 
that  this  azote,  and  the  excess  of  hydrogen,  are  very  nearly  in 
the  proportions  required  to  constitute  ammonia. 

Animal  matters,  then,  such  as  fibrin,  albumen,  gelatine,  &c. 
are  composed  of  charcoal ;  of  hydrogen  and  oxygen,  in  the 
proportions  required  to  form  water;  and  of  hydrogen  and 
azote,  in  the  proportions  necessaiy  to  constitute  ammonia. 
They  hold,  therefore,   among  animal  matters,  the  same  rank 


*  Ann.  de  Chim.  xcvL  53  ;  and  Berard,  Ann.  de  Chim.  et  Phys.  v,  S90, 
where  the  process  is  fully  described.  See  also  Mr.  Porrett's  remarks,  Phil. 
Trans,  1815,  p.  225 ;  and  Dr.  Prout^s  in  the  Medico-Chirurg.  Tr^ns.  V\\\, 
5S0. 

vol,,  n.  2  a 
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that  sugur,  gum,  ligQin,  &c.  possess  among  vegetable  sub^ 
staDces.  The  animal  acids,  again,  consist,  probably,  of  carbon, 
oxygen,  hydrogen,  and  azote,  in  sach  proportions,  that  the 
oxygen  and  azote  are  in  excess  relatively  to  the  hydrogen. 
And  the  animal  oils,  on  the  other  hand,  will  in  all  probability 
be  shown  to  contain  more  hydrogen,  than  is  suflEicient  to  oon« 
vert  their  oxygen  into  water,  and  their  azote  into  ammonia. 
Thus  animal  substances  will  be  divided,  like  vegetable  ones, 
into  three  great  classes,  relatively  to  the  quantities  of  hydrogen, 
oxygen,  and  azote,  which  they  contain. 

In  addition  to  the  four  elementary  bodies  already  mentioned 
as  constituting  the  main  ingredients  of  animal  matter,  other 
elementary  substances  are  found  occasionally  in  small  propor- 
tion, such  as  sulphur,  phosphorus,  iron,  and  manganese. 
Some  of  the  salts,  as  phosphate  of  lime,  occur  in  large  quan- 
tity, and  others,  such  as  muriates  of  soda  and  potassa,  &c.,  arc 
sparingly  diffused  through  a  few  only  of  tlie  animal  fluids. 

The  proximate  animal  compounds  are  not  very  numerous ; 
the  following  list  comprehending,  perhaps,  the  whole  of  those 
which  are  sufficiently  well  cbdi'acterized,  and  of  general  oc- 
currence. 

1.  Gelatine.  6.  Resin. 

2.  Albumen.  7.  Sugar. 

3.  Mucus.  8.  Oil. 

4.  Fibrin.  9.  Acids. 

5.  Ufea. 


SECTION  I. 
Animal  Jelly,  or  Gelatine.   ' 

Animal  jelly  is  an  abundant  ingredient,  not  only  of  the  fluids 
of  the  body,  but  of  the  hard  and  solid  parts.  Berzelius,  ui- 
deed,  in  his  View  of  Animal  Chemistry,  p.  50,  considers  gela- 
tine as  a  product  of  the  operation  of  boiling ;  and  denies  its 
existence  in  any  one  fluid  of  the  body ;  but  this  opinion  does 
not  appear  very  probable.  By  long  continued  boiling  gelatine 
maybeextractedfrom  the  skin, membranes, ligaments,carulages, 
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and  even  fi^om  the  bones.  The  solution,  on  cooling,  forms  a 
tremulous  and  imperfectly  cohering  mass,  well  known  by  the 
name  of  jelly  ;  and,  if  the  watery  part  of  this  mass  be  dissi- 
pated by  a  very  gentle  heat,  we  obtain  a  hni:d  semi-transparent 
substance,  which  breaks  with  a  glassy  fracture,  and,  accord- 
ing to  the  source  from  which  it  has  been  obtained,  has  the 
names  of  isinglass,  glue,  portable  soup,  &c. ;  all  of  which  are 
varieties  of  gelatine,  with  small  proportions  of  other  animal 
compounds,  especially  albumen.  M.  D' Arcet  prepares  gelatine 
from  bones,  not  by  boiling,  but  by  dissolving  out  the  earthy 
matter  by  steeping  the  bones  in  diluted  muriatic  acid.  The 
gelatine  remains  in  a  solid  state,  preserving  the  form  of  the 
bone,  and  thus  furnishing  a  complete  proof  that  it  existed  in 
the  bone  ready  formed.  To  purify  it  from  small  remains  of 
acid  and  fat,  it  is  plunged  for  an  instant  into  boiling  water, 
then  exposed  to  a  current  of  cold  water,  and  quickly  dried,  in 
which  state  it  is  unalterable  by  keeping.''^  Isinglass,  however, 
as  the  purest  form  under  which  gelatine  commonly  occurs, 
will  be  best  employed  for  the  exhibition  of  its  chemical  pro- 
perties. 

1.  Dry  gelatine,  when  immersed  in  water,  gradually  ab- 
sorbs it,  swells  considerably,  and  becomes  soft  and  elastic.  At 
cojnmou  temperatures,  however,  it  is  not  dissolved ;  all  that 
is  thus  effected  being  the  absorption  of  a  quantity  of  water, 
which  it  loses  again  by  a  gentle  heat.  But  in  hot  water  it  dis- 
solves very  slowly,  yet  completely ;  and  affords  a  liquid  which 
again  gelatinates  on  cooling.  These  alternate  solutions  and 
desiccations  may  be  repeated  foranynumber  of  times,  without 
occasioning  any  change  in  the  chemical  properties  of  the  gela- 
tine which  is  submitted  to  them. 

The  proportion,  in  which  gelatine  forms  a  solution  capable 
of  concreting  by  cooling,  has  been  determined  by  Dr.  Bostock.f 
One  part  of  Jry  gelatine  to  100  parts  of  water  gave  a  solu- 
tion, that  completely  stiffened  by  cooling ;  but  one  part  of 
gelatine  to  150  parts  of  water,  produced  a  compound,  which, 
though  evidently  gelatinous,  did  not  assume  the  concrete 
form. 


•  Phil.  Mag.  xvii.  17^  t  Nicholson's  Jouroai,  xi.  aud  xiv. 

2  A  2 
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2.  Gelatine  in  a  solid  state  seems  to  be  absolutely  inde- 
structible when  kept  in  a  perfectly  dry  place;  but,  when  in 
the  form  of  solution  or  of  jelly,  it  becomes  first  sour^  and  af- 
terwards putrid.  It  affords  a  most  convenient  kind  of  nutri- 
ment for  conveyance  to  a  distance,  and  when  evaporated  at  a 
very  gentle  heat,  it  is  found  to  retain  much  of  the  peculiar 
flavour  of  the  meat  from  which  it  has  been  prepared. 

d.  Gelatine  is  insoluble  in  alcohol,  but  it  is  not  precipitated 
by  that  fluid,  from  its  watery  solution. 

4.  It  readily  dissolves  in  most  of  the  acids.  Isinglass,  dis- 
solved in  common  vinegar  by  the  assistance  of  a  gentle  heat, 
forms  a  very  useful  and  adhesive  cement.  Nitric  acid,  even 
when  cold  and  very  dilute^  is  a  powerful  solvent  of  gelatine. 
When  the  solution  is  evaporated,  the  acid  and  gelatine  redact 
upon  each  other;  nitrous  gas  is  disengaged  ;  and,  if  the  con- 
centration be  not  carried  too  far,  oxalic  and  malic  acids  are 
obtained  from  the  residuum.  Muriatic  acid  dissolves  gela- 
tine, and  retains  it  unchanged  in  solution.  If  chlorine  gas 
be  passed  through  a  solution  of  gelatine,  white  filaments  ap- 
pear, which,  when  collected,  are  found  to  be  very  flexible  and 
elastic.  They  consist  of  gelatine,  very  little  altered,  and  united 
with  muriatic  acid  and  chlorine.  They  are  insipid ;  insoluble 
in  water  and  in  alcohol ;  not  pntrescible;  and  exert  a  feeble  ac- 
tion on  blue  vegetable  colours,  although  they  contain  a  large 
proportion  of  acid.  Exposed  to  the  air  during  some  days,  at 
common  temperatures,  these  filaments  emit  chlorine,  and  still 
more  abundantly  when  heated.  In  alkaline  solutions  they 
disappear,  and  muriatic  salts  are  formed.* 

But  the  most  remarkable  effect  on  gelatine  is  produced  by 
sulphuric  ncid,  by  which  Braconuot  has  discovered  that  it  is 
converted  into  a  substance  analogous  to  sugar.  Twelve  parts 
of  powdered  glue  were  mixed  by  stirring  with  24  of  concen- 
trated sulphuric  acid.  In  24  hours,  the  liquor  had  not  changed 
colour ;  about  thrice  as  much  water  was  added ;  and  the  whole 
boiled  for  five  hours,  adding  water  at  intervals  to  supply  the 
waste.  The  solution  was  saturated  with  chalk,  filtered,  and 
left  to  evaporate  spontaneously.     In  the  course  of  a  week,  it 


•  Thtnard,  M^moires  d'Arcueil^ii, 
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yielded  crystals  of  a  very  sweet  taste,  which,  when  washed  in 
weak  alcohol,  pressed  in  a  cloth,  re-dissolved,  and  re-crystal^ 
lized,  were  tolerably  pure  sugar. 

This  sugar  differs  from  cane  sugar  in  being  much  more 
readily  crystallissed.  It  is  equal  in  sweetness  to  grape  sugar^ 
and  not  more  soluble  in.  water  than  sugar  of  milk.  Its  solu- 
tion does  not  ferment  with  yeast.  When  distilled  at  a  red 
heat»  it  yields  ammonia  among  other  products. 

Sugar  obtained  from  gelatine  appears  to  be  capable  of  uniting 
with  nitric  acid  without  decomposition,  and  of  affording  a  pe- 
culiar crystallizable  compound.  Its  formation  by  sulphuric 
acid  seems  to  be  owing  to  the  abstraction,  from  the  gelatine^ 
of  hydrogen  and  nitrogen  in  the  proportions  fit  to  form  am- 
monia, and  probably  in  the  absorption  of  oxygen.  (Ann.  de 
Chim.  et  Phys.  xiii. ;  Quar.  Journ.  ix.  392.) 

5.  Gelatine  is  soluble  in  pure  liquid  alkalis.  The  solution 
is  a  brownish  viscid  substance,  which  has  none  of  the  charac- 
ters of  soap,'*^  and  is  not  precipitated  by  acids.  The  property 
of  remaining  dissolved  after  adding  acids,  distinguishes  gela* 
tine  from  albumen,  fibrin^  and  other  animal  products;  and 
points  out  a  method  of  separating  it  from  them  in  analysis. 
Owing  to  the  solvent  power  of  alkalis,  they  do  not  occasion 
any  precipitation  in  acid  solutions  of  gelatine;  but  when 
added  in  excess,  first  saturate  the  acid,  and  then  dissolve  the 
gelatine. 

6.  Several  of  the  metallic  salts  and  oxides  have  the  property 
of  precipitating  gelatine ;  but  not  so  nnequivocally  as  to  be 
good  tests  of  its  presence.  Goulard's  extract  of  lead  (pre- 
pared by  boiling  litharge  in  distilled  vinegar)  efiects  no 
change  in  a  solution  of  gelatine.  The  same  may  be  said 
of  corrosive  sublimate  (bi-chloride  of  mercury).  Nitrate  of 
silver  and  nitro-muriate  of  tin  produce  a  slight,  and  almost 
imperceptible  opacity.  The  addition  of  nitro-muriate  of 
gold  causes  a  small  quantity  of  a  dense  precipitate,  from  a 
solution  containing  -^^^  of  gelatine,  but  not  from  more  dilute 
solutions. 

7.  One  of  the  most  active  precipitants  of  jelly  is  tan ;  and 

*  Ilatchett,  Philosophicftl  Transaetiom,  1800. 
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a  very  convenient  form  of  that  test,  in  which  it  may  be  kept 
without  decomposition,  Dr.  Bostock  finds  to  be  the  extract  of 
rhatania,  digested  in  hot  water,  and  filtered  after  it  becomes 
cold.  An  infiision  of  1  oance  of  galUnuts  in  a  pint  of  water, 
may  also  be  applied  to  the  same  purpose.  When  tlie  propor- 
tion of  gelatine  to^ater  is  so  small,  as  to  compose  only  t-qVo^^ 
part  of  the  solution,  a  considerable  precipitate  is  produced  by 
this  infusion.  The  stronger  the  solution  of  jelly,  the  more  co- 
pious is  the  precipitate ;  tilt  at  length,  when  the  gelatine  is  in 
large  proportion,  a  dense  coagulum  is  formed,  which,  after  being 
dried  in  the  open  air,  becomes  a  hard  substance  with  a  vitre- 
ous fracture.  This  compound  appears  to  be  equally  formed, 
when  animal  solids,  composed  chiefly  of  gelatine^  are  im- 
mersed in  solutions  of  tan ;  as  when  the  skins  of  animals,  for 
instance,  are  steeped  in  an  infusion  of  oak  bark.  It  is  per- 
fectly insoluble  in  water,  and  incapable  of  putrefying;  and  it 
constitutes  the  preservative  part  of  tanned  leather,  to  which  it 
imparts  the  property  of  resisting  the  transmission  of  moisture. 
The  operation  of  tanning,  then,  consists  essentially  in  the  at- 
traction of  tan,  firom  liquors  which  contain  it,  by  the  gelatine 
of  the  skins. 

It  would  have  been  an  important  step  towards  the  accuracy 
of  the  analysis  of  animal  substances,  if  we  could  have  ascer- 
tained the  quantity  of  gelatine  in  any  fluid,  by  precipitating 
it  with  tan.  But  to  this  there  are  two  obstacles :  Istly,  That 
tan  acts,  also,  on  other  animal  fluids;  upon  albumen  for  in- 
stance ;  and  2dly,  That  into  the  precipitate  of  tan  and  jelly, 
these  substances  do  not  enter  in  proportions  uniformly  the 
same.  In  general,  however,  Dr.  Bostock  has  been  led  to  con- 
clude that  the  compound,  formed  by  the  union  of  jelly  and 
tan,  consists  on  an  average  of  somewhat  less  than  two  parts  of 
tan  to  three  of  gelatine.  And  as  we  always  have  it  in  our 
power  to  ascertain  what  quantity  of  tan  is  employed  in  preci- 
pitating any  solution  of  jelly,  we  may,  by  an  easy  calculation, 
approximate  the  quantity  of  jelly  contained  in  the  fluid  we 
are  examining. 

8.  Gelatine  has  been  analyzed  by  Gay  Lussac  and  Thenard, 
who  employed  the  chlorate  of  potassa  for  its  decomposition. 
One  hundred  parts  were  found  to  c  >ntain 
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Carbon 47.1^81 

Oxygen 27.207 

Hydrogen 7.914 

Azote 16.998 


100. 

The  atomic  pro]X)rlions,  most  nearly  approaching  to  the8e 
results^  are 

Carbon 15  atoms 90    50.00 

Oxygen 6  ditto    48    26.67 

Hydrogen....   14  ditto    14    ..\...  7.78 

Azote 2  ditto    28    15.55 


180  100. 

We  are  not  acquainted  with  those  circumstances  that  oc- 
casion the  differences  in  the  several  kinds  of  animal  gelatine. 
Some  valuable  remarks  .on  them  may  be  iuund  in  Mr. 
Hatchett's  "  Observations  on  the  component  Parts  of  Animal 
Membrane ;  ''*  and  an  account  of  the  methods  of  making 
isinglass,  glue,  &c.,  may  be  consulted  in  Johnson's  History 
of  Animal  Chemistry,  i.  311. 


SFXTION  11. 

With  the  exception  of  gelatine,  no  fluid  aj)pears  to  enter 
so  largely  into  the  composition  of  animal  substances,  as  al- 
bumen. It  forms  a  large  proportion  of  the  blood  and  of  va- 
rious secretions ;  and  appears  to  be  the  chief  basis  of  several 
of  the  solids ;  viz,  of  the  thin  membrane  which  constitutes 
the  cellular  texture,  as  well  as  of  the  skin,  glands,  and  vessels 
that  convey  the  fluids. 

The  white  of  an  egg,  though  not  composed  of  absolutely' 
pure  albumen,  contains  it   sufficiently  free  from  other  sub- 


*  Philosophical  Transactions,  1800. 
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stances  for  the  exhibition  of  its  properties.  These  will  be  found 
to  be  the  following: 

1.  By  agitation  with  water,  the  two  fluids  unite,  and  form 
a  viscid  liquid,  the  component  parts  of  which  do  not  separate 
by  standing.  This  solution  gives  a  green  tinge  to  some  ve- 
getable blue  colours;  a  proof  of  the  presence  of  uncombined 
alicali. 

2.  At  the  temperature  of  160°  Fahrenheit,  undiluted  al- 
bumen becomes  solid,  a  change  which  is  called  its  coagula- 
tion. When  the  solid  mass  is  cut  into  slices,  and  suffered  to 
remain  for  some  hours,  a  few  drops  of  a  brownish  viscid  fluid 
ooze  out,  amounting  to  about  4^  grains  from  100  of  the 
albumen  originally  submitted  to  experiment.  By  a  long  con- 
tinued gentle  heat,  the  coagulated  substance  itself  loses  at 
least  four-fifths  of  its  weight;  and  the  solid  matter  is  left  be- 
hind, in  the  form  of  a  hard  brittle  transparent  substance. 
Hence  it  will  follow,  that  100  grains  of  the  white  of  egg 
consist  of  80  grains  of  water,  4^  uncoagulable  matter,  and 
only  15^  o(  pure  albumen.  At  a  temperature  considerably 
below  that  required  for  its  coagulation,  Dr.  Bostock  finds  that 
it  may  be  dried,  and  is  then  eapable  of  being  redissolved  in 
water.* 

Coagulation  by  heat  is  the  distinguishing  character  of  al- 
bumen, and  affords  an  easy  and  obvious  test  of  its  presence ; 
even  when  it  forms  a  very  minute  proportion  of  certain  fluids. 
By  adding  it,  in  gradually  diminished  quantity,  to  water.  Dr. 
Bostock  found  that  a  solution,  containing  only-r^ij-y  its  weight 
of  albumen,  was  rendered  perceptibly  opaque  by  a  boiling 
temperature.  For  all  practical  purposes,  therefore,  this  may 
be  considered  as  a  sufiiciently  accurate  test  of  its  presence  in 
any  fluid. 

The  uncoagulated  part  of  the  white  of  egg,  Dr.  Bostock 
ascertained,  was  not  affected  by  solution  of  bi-chloride  of  mer- 
cury, or  by  infusion  of  galls ;  but  was  copiously  precipitated  by 
sub-acetate  of  lead  or  Goulard's  extract.  He  considers  it  as  a 
peculiar  fluid,  to  which  he  has  given  the  name  oimuctis.    Dr. 


*  Mcdico-Chir.  Trans,  ii.  169. 
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Marcet»  who  finds  it  to  be  an  ingredient  of  several  morbid 
fluids,  has  proposed  to  call  it  muco^extractive  matierJ* 

Albumen,  which  has  been  coagulated  by  heat,  though  per« 
fectly  insoluble  in  water,  unless  by  long  boiling  aided  by  a 
Papin's  digester,  appears  to  have  undergone  no  change  as  to 
its  chemical  constitution.  During  coagulation,  there  is  no 
absorption  of  oxygen  ;  no  gas  is  extricated ;  and  hence  there 
appears  to  be  no  re-action  of  the  principles  of  the  compound 
on  each  other.  The  coagulum  is  taken  up  by  liquid  caustic 
alkalis  with  a  disengagement  of  ammonia.  From  this  com- 
bination it  is  precipitated,  unchanged,  by  acids.f  By  long 
boiling  in  water,  however,  though  no  apparent  solution  takes 
place,  Mr.  Brande  obtained,  from  coagulated  albumen,  a 
fluid  which  had  alkaline  properties ;  and  which  gave,  after 
evaporation,  a  viscid  substance  soluble  in  water.  This  fluid 
he  apprehends  to  be  a  dilute  solution  of  albumen  in  alkali.:}^ 

S.  Albumen  is  coagulated  by  alcohol,  and  by  acids.  The 
coagulum,  formed  by  the  latter,  always  retains  in  combina- 
tion, according  to  Thenard,  a  portion  of  the  acid  which  has 
been  employed.  That  produced  by  nitric  acid  is  least  solu- 
ble ;  and  hence  nitric  acid  occasions  a  precipitate  from  solu- 
tions of  albumen,  which  are  so  dilute  as  not  to  be  afiected  by 
other  acids.  The  coagulum,  produced  by  acids,  is  re-dis- 
solved by  pure  alkalis,  even,  as  Thenai*d  finds,  by  ammonia, 
which  does  not  dissolve  albumen  that  has  been  coagulated  by 
heat. 

.  Alum,  probably. in  consequence  of  its  excess  of  acid,  co- 
agulates albumen ;  but  does  not  act  on  very  dilute  solutions. 
One  part  in  500  of  water  is  rendered  slightly  turbid  by  a  so- 
lution of  alum ;  but  no  precipitate  is  formed. 

4.  The  triple  prussiate,  or  ferro-cyanate,  of  polassa,  is  an 
extremely  delicate  test  of  the  presence  of  albumen,  and  may 
be  used  to  discover  it  in  fluids  to  which  other  tests  are  inap- 
plicable.   To  enable  it,  however,  to  produce  a  precipitate,  a 

♦  Medico-Chir.  Trans. ii.  377. 

t  Thenard,  Annales  de  Chiroie,  Uvii.  351. 

I  Philosophical  Transactions,  1809. 
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very  slight  excess  of  acetic  acid  should  be  previously  added 
to  the  liquid  suspected  to  contain  albumen,  or  to  the  test. 

5.  Albumen  is  coagulated  by  several  of  tlie  metallic  salts. 
Solution  of  bi-chloride  of  mercury,  which  has  no  effect  on  ge-* 
latiue  or  mucus,  is  a  delicate  test  of  the  presence  of  albumen. 
•  A  single  drop  of  the  solution,  added  to  a  liquor  containing 
t^\q  its  weight  of  albumen,  renders  it  visibly  milky;  and,  at 
the  end  of  some  hours,  a  flocculent  precipitate  falls  to  the  bot- 
tom of  the  vessel.  The  same  re-agent  produces  a  sensible 
eflect  on  a  liquid,  containing  only  half  that  quantity,  or  -ruzr 
of  albumen. 

Solution  of  corrosive  sublimate,  however,  does  not  separate 
the  whole  of  the  albumen,  unless  heat  is  employed.  The 
precipitate  in  that  case  is  a  compound  of  the  metallic  salt  with 
albumen,  in  the  proportion  of  about  one  of  the  former  to  three 
or  four  of  the  latter.  From  the  quantity  of  corrosive  subli- 
mate, therefore,  required  completely  to  decompose  a  solution 
of  albumen,  we  may  infer  the  quantity  of  the  latter ;  for  three 
grains  of  the  metallic  salt,  being  entirely  decomposed,  indicate 
10-^  grains  of  albumen. 

Nitro-muriate  of  tin  precipitates  albumen,  but  less  actively 
than  the  foregoing  salt.  Water,  holding  -^-^-^  of  albumen, 
was  not  altered  by  this  test,  till  after  some  hours,  when  it 
became  milky.  Nitrate  of  silver  occasions  a  precipitate;  but 
the  effect  is  equivocal,  from  its  precipitating,  also,  the  muriate 
of  soda.  Nitro-muriate  of  gold  throws  down  a  dense  preci- 
pitate  from  a  solution  containing -^^^  of  albumen.  Goulard's 
extract  occasions  an  abundant  dense  coagulum. 

6.  Solutions  of  albumen  are  decomposed  by  the  addition  of 
lan.  When  an  infusion  of  galls,  containing  21  parts  of  solid 
extract  in  100,  is  added  to  a  liquor,  of  which  albumen  forms 
<>"ly  TsW  P^rtj  no  immediate  effect  is  apparent;  but,  after 
some  time^  a  precipitate  ensues.  If  infusion  of  tan  be  poured 
into  a  concentrated  solution  of  albumen,  the  precipitate  has 
the  consistence  of  pitch ;  is  not  susceptible  of  putrefaction ; 
and,  when  dry,  is  brittle  like  over-tanned  leather.  The  pre- 
cipitate by  ton  from  diluted  albumen,  Dr.  Bo&tock  observes, 
is  not  coherent,  subsides  very  slowly,  and  can  scarcely  be  se- 
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parated  by  a  filtie ;  whereas  the  precipitate  from  solution  of 
jelly  of  the  same  strength  is  a  hard  dense  substance,  which 
almost  immediately  separates  from  the  fluids  and  may  be  coU 
lected  in  a  distinct  mass,  the  parts  of  which  cohere  together. 

7.  Albumen,  in  whatever  way  it  has  been  coagnlatcd,  ap- 
pears to  be  slow  in  undergoing  putrefaction.  Mr.  Hatchett 
kept  it  for  some  weeks  under  water,  without  its  showing  any 
tendency  to  pass  to  that  state.  According  to  Scheele,  a  small 
portion  of  coagulated  albumen  is  soluble  in  diluted  acids,  and 
precipitable  by  the  same  acids  when  concentrated.  By  steep* 
ing  albumen,  for  a  month,  in  diluted  nitric  acid,  Mr.  Hatchett 
converted  it  into  a  substance,  which  was  soluble  in  water,  and 
aiFected  chemical  tests  like  gelatine. 

7.  Albumen  almost  always  contains  a  portion  of  sulphur  in 
intimate  combination,  which  gives  it  the  property  of  blacken- 
ing silver.  This  effect  is  often  observed  to  be  produced  by 
eggs  on  spoons  of  that  metal ;  and  blood,  evaporated  in  silver 
vessels,  stains  them  with  sulphuret  of  silver. 

Many  theories  have  been  formed  of  the  catise  of  the  co« 
Qgulation  of  albumen ;  but  the  first  probable  conjecture  on 
the  subject  appears  to  have  originated  with  Dr.  Thomson.^ 
The  fluidity  of  albumen  he  supposed  to  depend  on  the  pre- 
sence of  alkaline  matter,  and  its  coagulation  on  the  removal 
of  the  alkali,  or  its  saturation  with  some  other  substance. 
This  suggestion  was  confirmed  by  some  well  devised  experi- 
ments of  Mr.  Brande.f  When  the  white  of  an  egg  was  ex- 
posed to  the  action  of  a  galvanic  battery,  a  rapid  and  abun- 
dant coagulation  took  place  round  the  negative  pole,  while  a 
thin  film  only  collected  at  the  positive  wire.  This  more  co- 
pious precipitation  at  the  negative  pole  appears  to  have  been 
owing  to  the  separation  of  alkali ;  and  as  it  required,  in  order 
to  produce  the  effect,  a  comparatively  high  electrical  power, 
it  should  follow  that  the  rapid  abstraction  of  alkali  is  necessary 
to  the  perfect  coagulation  of  albumen. 

Albuminous  fluids,  then,  are  compounds  of  albumen  with 
alkali  and  water.  When  heat  is  applied,  the  alkali  is  trans- 
ferred to  the  water,  and  the  albumen  becomes  insoluble.  The 
alkaline  liquor,  which  is  thus  produced,  re-acts  upon  and  dis- 

•  System  of  Chemistry,  v.  489.        f  Philosophical  Transactions,  1609. 
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golres  a  small  quantity  of  coagalated  albumen.  When  alcohol 
or  acids  are  the  coagulating  powers,  the  effect  is  owing  to  a 
like  transfer  of  alkali. 

When  the  uncoagulable  part  of  white  of  egg  was  exposed 
to  a  strong  galvanic  power,  uncombined  soda  was  found  in 
the  negative  cup ;  and  muriatic  acid  with  a  little  coagulated 
albumen  in  the  positive  one.  Hence  fluid  albumen  contains 
both  free  soda  and  muriate  of  soda.  In  the  experiments  of 
Mr.  Hatchett,  500  grains  of  dry  albumen  afibrded  744-  of 
coal,  of  which  il-f  were  saline  matter,  composed,  besides  the 
salts  that  have  been  mentioned,  of  phosphate  of  lime  and  of 
phosphate  and  carbonate  of  soda. 

From  the  researches  of  Mr.  Brande  it  appears  that  gal* 
vanisni  may  be  applied  to  the  discovery  of  very  minute  quan- 
tities of  albumen,  which  are  not  rendered  sensible  by  any 
other  test.  In  this  way,  he  produced  a  rapid  coagulation,  at 
the  n^ative  pole,  in  several  animal  fluids,  in  which  albumen 
had  not  been  supposed  to  exist.  It  has  been  ascertained, 
also,  by  Sir  E.  Home,  that  albumen  is  coagulated  by  galvanic 
arrangements  of  too  low  a  power  to  affect  even  the  most 
delicate  electrometer;  and  hence  he  has  proposed  albuminous 
fluids  as  tests  of  the  presence  of  small  quantities  of  electricity.* 
Albumen  was  found  by  Gay  Lussac  and  Thenard,  to  con- 
sist of 

Carbon 52.BS3 

Oxygen 23.872 

Hydrogen 7.540 

Azote 15.705 


100. 

The  nearest  atomic  approximation  of  the  above  proportions, 
is  the  following : 

Carbon 17  atoms 102  53.40 

Oxygen 6  ditto    48  25.13 

Hydrogen ...  13  ditto    13  • 6.80 

Nitrogen....     2  ditto    28 14.67 

191  100. 

Philosophical  TnmsiictioDS,  1S09« 
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It  should  appear,  then,  that  albumen  contains  two  atoms 
more  of  carbon,  and  one  less  of  hydrogen,  than  are  present  in 
gelatine.  Dr.  Prout,  however,  who  has  analyzed  albumen 
with  great  care,  and  has  made  many  interesting  obserrations 
on  its  formation  by  the  process  of  animal  digestion  (Ann.  of 
Phil,  xiii.),  found  it  to  be  constituted  as  follows : 

Carbon  •••...  15  atoms 90   50.00 

Oxygen 6  ditto    48  ......  26.67 

Hydrogen . .  • .  H  ditto    H  ./....     7.78 

Azote 2  ditto    28    15.55 


180  100. 

But  this,  it  may  be  observed,  is  precisely  the  composition  of 
gelatine,  deducible  from  Gay  Lussac  and  Thenard's  analysis. 
Either,  therefore,  the  analytical  results  must  be  erroneous  in 
one  or  both  cases ;  or,  the  difference  between  albumen  and 
gelatine  must  consist  entirely  in  the  grouping  or  arrangement 
of  elements  similar  as  to  kind  and  number. 

Besides  perfectly  formed  albumen.  Dr.  Prout  has  noticed 
a  fluid  approaching  it  in  characters,  to  which  he  has  given 
the  name  of  incipient  albumen.  It  appears  to  be  that  substance 
not  completely  elaborated,  but  requiring  a  further  change  by 
the  processes  of  digestion  and  assimilation.  (Ann.  of  Phil. 
XV.  25,  274.) 


SECTION  III. 

Mucus. 

The  term  mucus  bad  been  employed  in  a  vague  and  gene- 
ral sense,  until  Mr.  Hatchett,  in  his  valuable  paper  on  the 
component  parts  of  animal  membrane,*  attempted  to  assign 
to  it  a  more  definite  meaning.  Jelly  and  mucus  he  considers 
as  modifications  of  the  same  substance,  and  as  not  essentially 
differing  from  each  other.     The  latter  term  he  restricts  to 


•  Phil.  Trans.  1800. 
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that  animal  substancei  which  is  soluble  in  cold  water,  and 
which  cannot  be  brought  to  assume  the  gelatinous  state.  Dr. 
Bostock,  however,  has  endeavoured  to  prove  that  mucus  is  a 
distinct  fluid,  characterized  by  a  train  of  properties,  which 
are  entirely  different  from  those  of  animal  gelatine.*  Four* 
croy  and  Vauquelin  have  admitted,  also,  its  claim  to  be  con- 
sidered as  a  peculiar  compound-t  They  apply  the  term,  in 
an  enlarged  sense,  to  the  viscid  liquid,  which  lubricates  the 
mouth,  the  cesophagus,  the  stomach,  the  intestines,  and,  in 
general,  all  the  cavities  and  passages  of  the  body.  It  differs, 
they  suppose,  from  vegetable  gum,  in  nothing  but  in  con- 
taining a  proportion  of  nitrogen.  In  the  descriptions  of  its 
characters,  however,  they  are  much  less  precise  than  either 
of  the  English  chemists.  Bcrzelius,  on  the  other  hand,  seems 
scarcely  to  admit  that  any  fluid  exists,  which  is  entitled  to  the 
general  name  o£  mucus  ;  and  finds  tliat  its  chemical  characters 
vary  in  different  parts  of  the  body,  according  to  the  purposes 
which  it  is  intended  to  fulfil  in  the  animal  economy .j: 

The  substance  on  which  Dr.  Bostock's  experiments  were 
made,  was  the  saliva  of  the  mouth,  dissolved  in  water  by  agita- 
tion. No  appearance  of  coagulation  was  pro<Iuced  by  raising 
the  temperature  of  this  liquid  to  212^,  nor,  when  the  liquid 
was  evaporated,  and  suffered  to  cool,  did  it  show  any  tendency 
to  gelatinate. 

No  distinct  effect  was  produced  on  the  solution  of  mucus, 
by  adding  nitro-muriate  of  tin,  bi-chloride  of  mercur}',  or  in- 
fusion of  galls.  Sub- acetate  of  lead  (Goulard's  extract)  occa- 
sioned an  immediate  opacity,  and,  after  some  time,  a  flaky  pre- 
cipitate. Hence  the  effects,  produced  by  the  tanning  principle 
and  by  Goulard's  extract,  establish  a  decided  and  essential 
difference  between  mucus  and  gelatine.  Tan  is  a  most  deli- 
cate test  of  gelatine ;  but  does  not,  in  any  degree,  affect  mucus. 
Goulard,  again,  is  a  sensible  test  of  mucus,  but  not  of  jelly. 
Corrosive  sublimate,  and  triple  prussiate  of  potassa,  on  the 
contrary,  which  discover  very  small  proportions  of  albumen, 
are  not  affected  by  either  jelly  or  mucus. 

•  Nicholson's  Joarnal,  li.  and  xiv.        f  Annales  de  Cbimie,  Uvii. 
X  View  of  Animal  Chemistrj,  p.  58. 
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Hitherto,  however,  Dr.  Bostock  has  not  been  able  to  devise 
a  method  of  determining,  exactly,  the  proportion  of  mucus  in 
any  compound  fluid.  One  great  obstacle  to  all  attempts  of 
this  kind  is,  that  mucus,  beside  animal  matter,  appears  always 
to  contain  salt,  which  acts  upon  the  metallic  solutions  used  as 
tests;  so  that  it  is  impossible  to  say,  how  much  of  the  effect 
is  owing  to  each  of  these  separate  causes.  The  precipitates, 
thrown  down  from  mucus  by  acetate  of  lead  and  nitrate  of 
silver,  Mr.  Bi-ande  has  found  to  consist  both  of  the  muriates 
and  phosphates  of  those  metals.  From  1000  grains  of  saliva, 
be  obtained  by  evaporation  120  grains  of  dry  residuum,  of 
which  20  grains  were  saline  matter.  The  proportion  of  salts, 
in  die  mucus  of  the  trachea,  was  even  still  greater.  This  va- 
riety of  mucus  was  not  coagulated  either  by  heat,  by  alcohol, 
or  by  acids. 

In  order  to  obtain  mucus  free  from  neutral  salts,  it  oc-< 
curred  to  Mr.  Brande  to  attempt  their  decomposition  by  elec- 
tricity. With  this  view,  a  mixture  of  saliva  and  water  was 
placed  in  a  vessel  intermediate  between  two  others^  which 
contained  water  only  (sec  /,  fig.  82),  and  which  were  con- 
nected, the  one  with  the  positive,  the  other  with  the  negative, 
extremity  of  a  galvanic  apparatus.  Fibres  of  cotton  con- 
nected the  central  vessel  with  the  two  others.  In  about  ten 
minutes,  a  considerable  quantity  of  white  coagulum  was 
formed  upon  the  cotton  on  the  negative  side,  but  none  on  the 
positive.  Thus  albumen  appears  to  be  a  constituent  part  of 
saliva,  though  not  discoverable  by  the  usual  tests.  A  separa- 
tion of  alkali  took  place  on  the  negative  side;  and  hence  Mr. 
Brande  is  disposed  to  consider  mucus  as  a  compound  of  al- 
bumen and  muriate  of  soda,  or  of  albumen  and  pure  soda. 
The  whole  of  this  subject,  however,  is  still  obscure ;  and  re- 
quires to  be  illustrateil  by  farther  experiments. 

When  mucus  is  evaporated  to  dryness  by  a  gentle  heat,  no 
material  change  is  produced  in  it.  Tlie  result  is  a  semi- 
transparent  substance  resembling  gum,  and,  like  it,  soluble 
again  in  cold  water.  Neither  alcohol  nor  ether  dissolve  it. 
By  destructive  distillation,  it  yields  only  the  common  products 
of  animal  matter.  The  proportions  of  its  ultimate  elements 
have  not  yet  been  made  the  subject  of  investigation. 
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Mucus,  as  appears  from  Dr.  Marcet's  experiments,  beside 
forming  an  ingredient  of  several  healthy  secretions,  exists  in 
some  morbid  fluids,  particularly  in  that  efi*used  in  all  the 
forms  of  dropsy. 


SECTION  IV. 

Fibririj  or  Animal  Gluten. 

Fibrin  forms  the  basis  of  the  muscular  or  fleshy  parts  of 
animals,  and  is  left  combined  with  albumen,  when  all  the  solu- 
ble parts  have  been  washed  away  by  water.  It  may  also  be 
obtained  from  blood,  by  laying  the  coagulum  on  a  linen 
strainer,  and  pouring  water  upon  it,  till  a  white  fibrous  matter 
alone  remains. 

For  the  purpose  of  submitting  fibrin  to  a  series  of  experi- 
ments, Mr.  Hatchett  obtained  it  by  digesting  shreds  of  lean 
beef,  during  1 5  days,  in  water,  which  was  changed  daily,  the 
temperature  being  such  as  not  to  excite  putrefaction.  The 
shreds  of  the  muscle  were  then  boiled  for  five  hours  every  day, 
during  three  weeks,  changing  the  water  at  each  boiling;  and, 
finally,  the  residue  was  put  into  a  press,  and  dried  by  the  beat 
of  a  water  bath. 

The  following  history  ofthe  chemical  properties  of  fibrin  is 
derived  chiefly  from  a  memoir  of  Berzelius. 

1.  Fibrin  is  insoluble  in  cold  water;  but  water,  after  being 
boiled  upon  it  for  some  hours,  is  found  to  have  acquired  a 
milky  hue,  and,  on  the  addition  of  infusion  of  tan,  affords  a 
precipitate  of  white  and  distinct  flocculi,  which  do  not  cohere 
like  those  produced  by  gelatine.  The  liquid,  obtained  by 
boiling  fibrin,  does  not  gelatinate,  to  whatever  degree  it  may 
be  concentrated,  but  gives  a  white,  dry,  hard,  and  friable 
residue,  which  is  soluble  in  cold  water.  By  long  boiling  in 
water,  fibrin  loses  its  property  of  softening  and  dissolving  in 
acetic  acid. 

2.  Alcohol,  of  the  specific  gravity  .810,  converts  fibrin  into 
a  kind  of  adipocirous  matter,  which  is  soluble  in  alcohol,  and 
is  precipitated  by  the  addition  of  water.     When  alcohol, 
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vhich  has  been  dif2;ested  on  fibrin,  is  evaporated,  a  fatty  re* 
sidue  is  leit,  which  did  not  pre-exist  in  the  fibrin.  By  the 
action  of  ether,  fibrin  is  converted  into  a  sort  of  a(/i)Docire,  siiuu 
lar  to  the  preceding,  but  in  much  greater  abundance,  and  dis* 
tinguished  by  a  much  more  disagreeable  odour. 

d.  In  concentrated  acetic  acid,  fibrin  immediately  becomes 
soft,  transparent,  and,  with  the  assistance  of  heat,  is  con* 
verted  into  a  tremulous  jelly.  By  the  addition  of  warm  water, 
this  jelly  is  completely  dissolved,  with  the  evolution  of  a  small 
'  quantity  of  azotic  gas.  The  solution  is  colourless,  and  of  a 
mawkish  and  slightly  acid  taste.  By  sufficient  evaporation 
the  gelatinous  substance  is  reproduced,  which,  when  com- 
pletely desiccated,  is  a  transparent  mass,  insoluble  in  water 
without  the  addition  of  fresh  acetic  acid.  The  solution  gives 
a  white  precipitate  with  triple  prussiate  of  potassa,  and  with 
pure  alkali ;  but  a  slight  excess  of  alkali  re-dissolves  it.  Suk 
phuric,  nitric,  and  muriatic  acids  also  occasion  a  precipitate, 
which  consists  of  fibrin  and  the  acid  that  has  been  employed. 
When  laid  on  a  filter  and  washed,  a  certain  quantity  of  this 
acid  is  carried  off  by  the  water,  and  the  remaining  substance 
is  soluble  in  pare  water. 

4.  In  weak  muriatic  acid,  fibrin  shrinks,  and  gives  out  a 
little  azotic  gas,  but  scarcely  any  portion  is  dissolved^  even  by 
boiling.  Concentrated  muriatic  acid,  when  bmled  on  fibrin, 
decomposes  it,  and  produces  a  red  or  violet  coloured  solution* 
Fibrin,  that  has  been  digested  with  weak  muriatic  acid^  is 
hard  and  shrivelled.  By  repeatedly  washing  with  water,  it  is 
at  length  converted  into  a  gelatinous  mass,  which  is  perfectly 
soluble  in  tepid  water.  The  solution  reddens  litmus  paper, 
and  yields  a  precipitate  with  acids,  as  well  as  with  alkalis. 

5,  The  action  of  sulphuric  acid  on  muscular  fibre  has  been 
attentively  examined  by  Braconnot.  A  portion  of  beef  in  small 
shreds  was  steeped  in  water,  washed  several  times,  and  pressed 
to  separate  every  thing  soluble.  Of  this  fibre,  SO  parts  were 
mixed  with  an  equal  weight  of  sulphuric  acid^  which  softened 
and  dissolved  it,  without  acquiring  colour  or  evoUing  sul- 
phurous acid.  It  was  gently  heated,  and,  on  cooling,  a  layer 
of  fat  separated  from  the  surface.     It  was  then  diluted  with 
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water,  and  boiled  nine  hours ;  saturated  with  chalk,  filtered, 
and  evaporated.  No  sugar  was  produced,  but  the  extract  had 
a  decided  taste  of  osmazonie.  It  was  boiled  with  alcohol, 
which,  on  cooling,  deposed  a  peculiar  white  matter,  called  by 
Braconnot  lettcine. 

In  order  to  puriFy  this  new  substance,  it  was  dissolved  in 
water,  and  a  little  tan  added.  After  some  hours  the  liquor 
was  filtered,  and  evaporated  till  a  pellicle  appeared.  Being 
then  left  to  stand  for  24  hours,  the  bottom  of  the  vessel  was 
covered  with  small  mamUlated  crystals  of  a  dull  white  colour, 
feeling  brittle  between  the  teeth,  but  having  an  agreeable  taste 
of  meat. 

Leucine  is  lighter  than  water.  When  heated  in  a  retort,  it 
melts,  then  sublimes  in  pait,  and  forms  white  opaque  crystals, 
and  an  empyreumatic  and  acid  fluid  distils  over.  By  the  ac- 
tion of  nitric  acid  on  leucine,  a  distinct  compound  appears  to 
be  formed,  which  affords  peculiar  salts  with  the  different  bases. 
(Quarterly  Jouru.  ix.  394.) 

6.  Nitric  acid  of  the  specific  gravity  1 .25  disengages  at  first 
azotic  gas  from  fibrin,  pure  and  unmixed  with  nitrous  gas. 
By  continuing  the  digestion  24  hours,  the  fibrin  is  converted 
Into  a  pulverulent  mass,  of  a  pale  citron  colour,  which,  when 
placed  on  a  filter  and  washed  with  a  large  quantity  of  water, 
becomes  of  a  deep  orange  colour.  This  yellow  substance  was 
discovered  by  Fourcroy  and  Vauqueliu,  who  obtained  it  by 
treating  muscular  flesh  with  nitric  acid,  and  who  gave  it  the 
name  of  yellow  acid.  Berzelius  has  ascertained  that  it  is  a 
combination  of  nitric  and  malic  acids  with  fibrin,  which  is  in 
some  degree  altered  by  the  process. 

7.  In  caustic  fixed  alkali,  fibrin  increases  in  bulk,  and,  at 
length,  is  completely  dissolved.  TIiq  solution  is  yellow  with 
a  shade  of  green ;  and  is  decomposed  by  acids ;  but  the  pre- 
cipitated fibrin  seems  to  have  undergone  some,  change,  for  it  is 
not,  as  before,  soluble  in  acetic  acid.  The  compound  of  fibrin 
and  alkali  has  not  any  analogy  with  soap,  which  Fourcroy  as- 
serts that  it  resembles. 

8.  Fibrin  has  been  analyzed  by  Gay  Lussac  and  Thenard, 
and  found  to  consist  of 
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Carbon 53.360 

Oxygen J9.685 

Hydrogen 7,021 

Aicote 19.984 


100. 

According  to  these  results,  its  atomic  constitution  is 

Carbon 18  atoms 108 

Oxygen 5  ditto    40 

Hydrogen 14  ditto    14 

Azote 3  ditto    42 

204 

It  contains  then  an  atom  more  of  carbon,  hydrogen,  and 
azote,  and  an  atom  less  of  oxygen,  than  enter  into  the  consti- 
tiition  of  albumen. 


SECTION  V. 
Urea. 

L  UiiEA  may  be  obtained  by  the  following  process  :^» 
Evaporate  by  a  very  gentle  heat,  a  portion  of  human  urine, 
voidetl  six  or  eight  hours  after  a  meal,  to  the  consistence  of  a 
thick  syrup.  In  this  state  it  concretes,  on  cooling,  into  a 
crystalline  mass.  Pour  on  this,  at  different  times,  four  times 
its  weight  of  alcohol,  and  apply  a  gentle  heat,  which  will 
eftect  the  solution  of  the  greater  portion.  Decant  the  alco- 
holic solution,  and  distil  it  by  a  water  bath,  till  it  acquires  the 
consistence  of  syrup,  which  is  to  be  poured  out  of  the  retort. 
On  cooling,  it  forms  a  crystallized  substance,  which  is  the 
urea,  not  however  in  a  state  of  complete  purity. 

11.  1.  Urea,  thus  obtained,  has  the  form  of  crystalline 
plates,  crossing  each  other  in  various  directions.  It  has  a  yel- 
lowish white  colour ;  a  smell  somewhat  like  that  of  garlic ;  is 
viscid,  and  difficult  to  cut;  and  has  an  acrid  strong  taste.  It 
deliquiates,  when  exposed  to  the  air,  into  a  thick  brown  liquid. 

2  B  2 
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It  is  extremely  soluble  in  water,  and  absorbs  caloric  during  so*' 
lution.  Alcohol  dissolves  it  readily,  but  in  less  proportion 
than  water;  and  the  alcoholic  solution  yields  crystals  more 
readily  than  the  watery  one.  Berzelius,  by  processes  which 
he  has  not  described,  obtained  urea  quite  free  from  colour, 
and  forming  distinct  prismatic  crystals  like  nitre.*  Even  in 
this  state,  he  observes,  it  is  still  obstinately  combined  with  lactic 
acid,  lactate  of  ammonia,  and  the  peculiar  animal  matter, 
which  always  accompanies  the  lactates.  It  is  this  animal 
matter,  which  gives  the  urine  its  colour. 

Dr.  Prout  was  induced  by  the  observation  of  Berzelius  to 
attempt  the  preparation  of  pure  urea,  and  succeeded  by  the 
following  process. 

Fresh  urine  was  carefully  evaporated  to  the  consistence  of 
syrup,  and  to  this,  when  quite  cold,  pure  concentrated  nitric 
acid  was  added  by  degrees,  till  the  whole  became  a  dark-co- 
loured crystallized  mass,  which  was  slightly  washed  with  cold 
water  and  suffered  to  drain.  To  this  mass,  a  pretty  strong  so- 
lution of  sub-carbonate  of  potassa  or  soda  was  added,  till  the 
whole  became  neutral.  The  solution  was  carefully  concen- 
trated by  evaporation,  and  set  aside,  in  order  that  the  nitre 
might  separate  by  crystallization.  The  liquor  drained  from 
these  crystals  was  an  impure  solution  of  urea,  which  was  mixed 
with  a  sufficient  quantity  of  animal  charcoal  to  form  it  into  a 
thin  paste.  To  this,  after  remaining  a  few  hours,  water  was 
added  to  separate  the  urea,  and  the  colourless  solution  was 
evaporated  at  a  very  gentle  heat  to  dryness.  From  the  dry 
mass  boiling  alcohol  separated  the  urea,  and  left  the  nitre  and 
most  of  the  saline  substances  l^ehind,  and  from  the  alcoholic 
Solntion  the  urea  was  obtained  pure  by  evaporation  and  cry- 
stallization, the  solution  in  alcohol  and  crystallization  being 
repeated  if  the  crystals  were  coloured. 

Urea  thus  purified  most  frequently  assumes  the  form  of  a 
four-sided  prism.  Its  crystals  are  transparent  and  colourless, 
and  have  a  slight  pearly  lustre.  It  leaves  a  sensation  of  cold- 
ness on  the  tongue  like  nitre.  Its  smell  is  faint  and  peculiar, 
but  not  resinous.     It  does  not  affect  the  colours  of  litmus  or 


•  View  of  Animal  Chemistry,  8vo.  p,  101. 
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turmeric*  On  exposure  to  the  air  it  tlif^tly  deliquegcei,  but 
does  not  seem  to  be  decomposed.  At  a  strong  beet  it  melts, 
and  is  partly  decomposed,  and  partly  sublimes  unaltered. 
The  specific  gravity  of  its  crystals  is  about  1.350.  Tbey  are 
soluble  in  an  equal  weight  of  water  at  60^  Fahrenheit,  and  to 
any  extent  in  boiling  water.  Alcohol  at  60^  Fahrenheit,  dis* 
solves  about  ^th  of  its  weighty  and  at  212^  more  than  its 
weight. 

2.  The  concentrated  solution  of  urea  in  water  yields^  on 
the  addition  of  nitric  acid,  a  copious  precipitate  of  bright 
pearl-coloured  crystals,  resembling  the  boracic  acid.  Oxalic 
acid  produces  the  same  efiect ;  but  in  neither  of  these  com- 
pounds are  the  acids  neutralized.  The  nitrate  of  urea^  Dr. 
Front  finds  to  consist  of 

Nitric  acid 47.37  ss  l  atom 

Urea 52.63  =s  H  atoms 


100. 


In  some  states  of  disease,  the  urine  abounds  so  much  in  urea, 
as  to  aiford  scales  with  nitric  acid.  To  detect  it,  Dr.  Prout 
puts  a  little  of  the  morbid  urine  into  a  watch  glass,  and  by  means 
of  a  dropping  tube  introduces  a  little  strong  nitric  acid  uiider 
it.  If  spontaneous  crystallization  occur,  an  excess  of  Urea  is 
indicated,  and  its  amount  may  be  estimated  by  the  time  re- 
quired for  its  production,  which  varies  from  a  few  minutes  to 
two  or  three  hours. 

3.  The  concentrated  solution  of  impure  urea,  in  water,  is 
brown  ;  but  becomes  yellow,  when  largely  diluted.  Infusion 
of  galls  gives  it  a  yellowish  brown  colour,  but  causes  no  pre- 
cipitate ;  nor  is  it  precipitated  by  infusion  of  tan. 

4.  When  heat  is  applied  to  urea,  it  melts,  swells,  and  eva- 
porates, with  an  insufferably  fetid  smell.  By  distillation,  it 
yields  about  two-thirds  its  weight  of  carbonate  of  ammonia ; 
about  one*fourth  of  benzoic  acid ;  besides  carbureted  hydio- 
gen,  and  a  residuum  composed  of  charcoal  with  muriates  of 
soda  and  ammonia. 

5.  The  solution  of  urea,  in  water,  putrefies,  and  is  slowly 
decomposed ;  but  much  more  rapidly,  if  a  little  gelatine  be 
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added.  Ammonia  and  acetic  acid  are  the  products  of  its  de- 
composition* If  the  solution,  instead  of  being  left  to  putrefy, 
be  kept  in  a  boiling  temperature,  and  fresh  water  be  added  as 
the  evaporation  goes  on,  the  urea  is  at  length  wholly  decom- 
posed. The  condensed  vapour  is  found  to  contain  carbonate 
of  ammonia;  acetic  acid  is  formed;  and  a  portion  of  charcoal 
remains  in  the  fluid  contents  of  the  retort.  It  has  been  ascer- 
tained, by  those  who  distil  the  volatile  alkali  from  urine,  in 
manufacturing  processes,  that  an  equal  quantity  of  ammonia 
is  obtained  whether  the  urine  has  undergone  putrefaction  or 
not. 

6.  When  a  mixture  of  urea,  with  one-fourth  its  weight  of 
diluted  sulphuric  acid  is  distilled,  a  quantity  of  oil  appears  on 
the  surface,  which  concretes  by  cooling;  acetic  acid  passes 
over  into  the  receiver;  and  sulphate  of  ammonia  remains  in 
the  retort.  The  repetition  of  this  process  converts  the  whole 
of  a  portion  of  urea  into  ammonia  and  acetic  acid. 

7.  Nitric  acid  when  heated  acts  rapidly  on  urea ;  nitrous, 
azotic,  and  carbonic  acid  gases,  are  disengaged;  and  prussic 
acid  and  ammonia  are  generated.  The  residuum,  when  dried 
and  ignited,  detonates  like  nitrate  of  ammonia. 

8.  Muriatic  acid  dissolves  urea  without  alteration.  When 
a  stream  of  chlorine  gas  is  passed  through  a  solution  of  urea, 
the  gas  is  rapidly  absorbed ;  and  white  flakes  are  formed, 
which  soon  assume  a  brown  colour.  After  the  solution  has 
become  saturated  with  gas,  the  effervescence  still  continues  ; 
and  carbonic  acid  and  nitrogen  gases  are  evolved.  The  resi- 
duary liquid  contains  both  carbonate  and  muriate  of  ammonia. 

^  9.  Urea  is  soluble  in  alkaline  solutions ;  and,  at  the  same 
time,  undergoes  a  partial  decomposition.  A  strong  smell  of 
ammonia  arises,  probably  from  the  action  of  the  potassa  on 
the  muriate  of  ammonia  which  is  contained  in  urea.  When 
solid  potassa,  however,  is  triturated  with  urea,  the  disengage- 
ment of  ammonia  is  too  great  to  be  explained  in  this  way ; 
and  can  only  be  accounted  for,  by  supposing  the  volatile  al- 
kali to  be  formed  by  the  union  of  its  elements.  A  strong  so- 
lution of  potassa,  heated  with  urea,  produces  a  similar  effect: 
a  large  quantity  of  ammonia  is  generated ;  the  residuum  di- 
lated with  water  effervesces  violently  from  the  escape  of  car- 
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bonic  acid  gas ;  a  flocculeiit  precipitate  is  formed,  which  has 
the  qualities  of  a  concrete  oil ;  and  the  liquor,  when  distilled^ 
gives  both  acetic  and  benzoic  acids. 

10.  Urea  has  the  property  of  changing  the  form  of  the  crys- 
tals of  muriate  of  soda;  a  solution  of  that  salt,  mixed  with  one 
of  urea,  affi>rding,  on  evaporation,  octohedral  crystals.  Mu* 
riate  of  ammonia,  on  the  contrary,  which  usually  crystaHizes 
in  octohedrons,  has  tlie  form  of  its  crystals  altered,  by  similar 
treatment,  to  that  of  cubes. 

Of  all  the  animal  fluids,  urea  appears  most  readily  to  un* 
dergo  decomposition,  both  from  spontaneous  changes  in  the  ar- 
rangement of  its  elements,  and  from  the  action  of  other  sub- 
stances. From  a  careful  examination  of  the  products  of  its 
distillation  with  oxide  of  copper.  Dr.  Prout  has  given  the  fol- 
lowing as  the  proportions  of  the  elements  of  purified  urea.  One 
hundred  parts  consist  of 

Oxygen 26.66  =  1  atom  or  -^  volume 

Nitrogen ^6.66  =  1  ditto  or  1     ditto 

Carbon 19.99  =  1  ditto  or  1     ditto 

Hydrogen  ....     6.66  =  2  ditto  or  2    ditto. 
Deficient -   .03 

100. 

Dr.  Ure  has  also  analyzed  this  substance  (Phil.  Trans. 
1822),  but  with  rcsulis  difiering  so  much  from  the  foregoing, 
that  he  is  not  disposed  to  insist  on  their  accuracy  without  fur- 
ther experiments. 


SECTION  vr. 

Animal  Resins. 

The  properties  of  animal  rosins  have  not  been  fully  inves- 
tigated; but,  so  far  as  they  have  hitherto  been  examined^ 
they  appear  to  dificr  considerably  from  those  of  the  vegetable 
kingdom. 

The  RESIN  OF  BILE  may  be  obtained  by  the  following  pro- 
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ctm :«— To  S2  partR  of  recent  ox  bile,  add  one  of  concentrated 
muriatic  acid.  When  the  mixture  has  stood  some  hours, 
strain  it,  in  order  to  separate  a  white  coagulated  substance. 
Pour  the  filtered  liquor,  which  has  a  fine  green  colour,  into 
a  gloM  vessel,  and  evaporate  by  a  gentle  heat.  At  a  certain 
point  of  concentration,  a  green  sediment  falls  down,  which, 
after  being  separated  from  the  liquid  part,  and  washed,  afibrds 
what  has  been  considered  as  resin.  Berzelius,  however  (as 
will  be  more  fully  stated  in  the  section  on  bile),  denies  that  it 
is  a  true  resin. 

1.  The  resin  of  bile  has  a  dark  brown  colour;  but,  if  spread 
out  fine,  on  a  white  ground,  it  exhibits  a  bright  grass^green. 
It  is  intensely  bitter. 

9.  At  about  122^  it  melts,  and  in  a  high  temperature  burns 
rapidly.  It  is  soluble  both  in  cold  and  hot  water,  and  still 
more  soluble  in  alcohol,  from  which  it  is  in  part  precipitated 
by  water. 

3.  With  pure  alkalis  it  combines^  and  forms  a  compound, 
which  has  been  compared  to  soap.  From  these  it  is  precipi- 
tated unchanged  by  acids. 

4.  When  farther  oxygenized,  by  adding  solution  of  chlorine 
to  bile,  the  resinous  portion  has  its  properties  considerably 
altered ;  it  acquires  the  colour  and  consistence  of  tallow;  melts 
at  104^;  and  dissolves  in  alcohol  and  in  hot  water. 

Besides  this  resin,  there  are  several  animal  substances  which 
possess  similar  qualities.  Sucli  are  the  ear-wax,  ambergris, 
castor,  &c. 

Cerumeriyor  ear^wax^  has  an  orange  yellow  colour  and  a  bitter 
taste.  It  melts  at  a  gentle  heat,  and  sinks  into  paper  like  an 
oil.  It  is  extremely  combustible,  and  burns  away  with  a 
white  smoke,  emitting  an  ammouiacai  odour,  and  leaving  very 
little  charcoal. 

With  water  it  forms  by  agitation  a  sort  of  emulsion  ;  alcohol 
dissolves  5-8ths  of  it,  and  the  remainder  has  the  properties  of 
albumen.  The  alcoholic  solution,  when  evaporated,  leaves 
a  deep  orange  residuum  which  is  very  bitter,  and  resembles 
the  resin  of  bile.  Ether  also  dissolves  cerumen,  but  the  solu- 
tion is  less  highly  coloured  than  that  in  alcohol. 

Ambergris  is  found  floating  on  the  sea  within  the  tropics, 
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sometimes  in  large  masses,  and  its  origin  is  still  matter  of  con- 
jecture. Though  hitherto  arranged  among  animal  resins,  yet 
it  appears  to  consist,  according  to  Pelletier  and  Caventou, 
chiefly  of  a  substance  analogous  to  that  found  by  Chevreul  in 
biliary  calculi,  and  called  by  him,  choksierine.  To  this  matter, 
as  obtained  from  ambergris,  Pelletier  and  Caventou  have 
given  the  name  of  ambreine.  It  may  be  extracted  by  digest- 
ing ambergris  in  hot  alcohol  of  sp.  gr.  0.827.  On  cooling, 
the  alcohol  deposits  the  ambreine  in  very  bulky  irregular 
crystals.  It  soflens  at  77^)  melts  at  86°,  and  when  raised  a 
little  above  212°  flies  ofi*in  a  white  smoke.  It  is  not  capable 
of  uniting  with  alkalis  so  as  to  form  soap. 

Ambreine,  by  being  heated  with  nitric  acid,  is  converted 
into  a  peculiar  acid,  to  which  the  name  of  ambreic  acid  has 
been  given.  It  is  yellow  while  in  a  mass,  but  when  spread 
thin  is  almost  white.  It  has  a  peculiar  smell,  and  reddens 
vegetable  blues.  It  is  not  fusible,  even  when  heated  to  212°. 
It  is  very  sparingly  soluble  in  water,  but  dissolves  copiously 
in  alcohol  and  ether.  It  unites  with  potasta,  and  forms  a  salt 
which  gives  a  yellow  precipitate  with  muriates  of  lime  and 
baryta,  sulphates  of  copper  and  silver,  muriates  of  tin  and 
gold,  and  some  other  metallic  salts.  (Ann.  of  Phil,  xvi, 
93.) 

Castor  is  found  in  two  small  bags  in  the  inguinal  regions  of 
the  beaver.  It  is  of  a  yellow  colour,  and  when  fresh  extracted 
nearly  fluid,  but  by  exposure  to  the  air  it  hardens,  and  ac- 
quires a  resinous  appearance.  Its  principal  ingredient  is  a 
resin,  which  appears  to  be  analogous  to  the  resin  of  bile.  It 
contains  also  carbonates  of  potassa,  lime,  and  ammonia,  muci- 
laginous extractive  matter,  and  a  volatile  oil  on  which  its 
odour  seems  to  depend. 
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SECTION  VIL 

Animal  Sugar. 

Sugar  enters  pretty  largely  into  the  composition  of  milk ; 
and  into  the  urine,  when  altered  by  disease.  It  may  be  ob- 
tained from  milk  by  the  following  process : 

I,  Let  whey  be  evaporated  to  the  consistence  of  honey,  and 
allowed  to  cool.  It  concretes  into  a  solid  mass,  which  is  to 
be  dissolved  in  water,  clarified  by  white  of  eggs,  filtered,  and 
again  evaporated  to  the  consistence  of  syrup.  On  cooling,  a 
number  of  brilliant  white  crystals  are  deposited,  which  arc 
the  sugar  of  milk.  The  reader  who  wishes  for  a  fuller  ac- 
count of  the  preparation  of  this  substance,  as  practised  for 
sale  in  some  parts  of  Switzerland,  will  find  it  in  the  1st  vol. 
of  Johnson's  History  of  Animal  Chemistry. 

1.  Sugar  of  milk  has  a  sweetish  taste,  and  no  smell. 

2.  It  requires  for  solution  seven  parts  of  cold  or  four  of 
boiling  water;  and  is  insoluble  in  alcohol.     In  these  proper- 
ties it  differs  from  common  sugar,  and  also  in  its  relation  to 
nitric  acid,  which  will  be  afterwards  stated,  under  the  head 
of  saccholactic  acid. 

3.  When  exposed  to  heat,  this  species  of  sugar  melts  and 
burns  with  the  same  appearances  as  common  sugar,  and  with 
a  similar  smell. 

Gay  Lussac  and  Thenard  have  obtained  by  their  analysis, 
the  following  results,  which  correspond,  almost  exactly,  with 
those  of  Beraelius. 

Carlion 38.825 

Oxygen 53.834. 

Hydrogen 7.341 

100. 

These  proportions  agree  also  with  the  results  of  Dr.  Prout, 
and  are  very  neafly  the  same  as  those  assigned  by  him  to  ve- 
getable sugar.  He  is  inclined,  indeed,  to  think  that  the  pri- 
mary and  simple  saccharine  principle  is  composed  of  equal 
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numbers  of  atoms  of  each  element,  and  that  its  modifications 
are  to  be  attributed  to  the  influence  of  minute  quantities  of 
foreign  matter.     (Med.  Chir.  Trans,  viii.  538.) 

II.  The  urine  of  diabetic  patients  yields  sugar  on  evapora- 
tion, which  approaches  more  nearly  in  its  characters  to  those 
of  vegetable  sugar,  but  is  generally  said  to  be  incapable  of 
crystallization.  By  exposing  the  solution,  however,  for  some 
time  to  the  nlr,  and  removing  occasionally  the  scum  whidi 
18  formed,  I  have  obtained  beautiful  white  crystals,  not  inferior 
to  those  of  vegetable  sugar.  Chevreul  has,  also,  obtained 
similar  crystals,  which  when  drained,  then  pressed,  and  dis- 
solved in  hot  alcohol,  gave  a  solution  that  by  slow  evapora- 
tion afforded  perfectly  white  crystals.  In  its  proi^crties,  dia- 
betic sugar  he  found  to  approach  most  nearly  to  the  sugar 
obtained  from  grapes  ;*  and  Dr.  Prout,  by  analysis,  finds  its 
composition  precisely  similar  to  that  of  vegetable  sugar.f 


SECTION  VII r. 
Animal  Oils. 

Animal  oils  differ  from  the  vegetable  oils,  in  being  gene- 
rally, though  not  always,  solid  at  the  temperature  of  the  atmos- 
phere, but  arc  similar  to  them  in  other  properties.  Among 
animal  oils,  may  be  ranked  whale  oil,  sperm  oil,  spermaceti, 
butter,  tallow,  lard,  suet,  &c. 

I.  Whale  oii^  or  train  oil,  is  extracted  from  the  blubber 
of  the  whale,  which  is  originally  a  firm  solid  fat,  but  on  reach- 
ing this  climate,  is  found  to  be  mostly  resolved  into  a  fluid. 
To  obtain  the  oil,  the  blubber  is  melted  in  large  copper  vessels, 
under  which  a  fire  is  made.  Beside  the  oil,  a  quantity  of 
water  separates,  and  on  the  surface  there  floats  a  solid  matter 
caMedfenkSj  which  is  probably  coagulated  albumen.  The  more 
moderate  the  heat,  and  the  shorter  its  duration,  the  paler 
and  better  is  the  oil,  but  this  occasions  a  smaller  quantity  to 
be  produced.     The  deep  colour  is  owing  partly  to  too  great 

•  05  Ann,  dc  Cliim,  319,  t  Med.  Chir.  Trans,  viii.  537. 
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heat  in  the  boilinfj)  and  partly  to  blood  and  other  impurities 
which  are  unavoidably  mixed  with  it.  What  is  extracted  in 
Greenland  is  perrectly  pale  and  limpid,  and  free  from  smell, 
and  burns  with  a  much  purer  and  brighter  flame  than  what 
is  made  in  this  country.  In  the  early  period  of  the  Greenland 
fishery,  the  blubber  was  converted  into  oil  in  those  regions ; 
but  the  scite  of  the  fishery  is  now  so  much  changed,  and  its 
extent  so  much  increased,  as  to  render  this  no  longer  prac* 
ticable.    (Scoresby's  Arctic  Regions*) 

Whale  oil  requires  to  be  kept  in  close  vessels  to  prevent  the 
action  of  the  air,  which  seems  in  time  to  injure  it.  It  is  render- 
ed more  fluid  and  combustible  by  adding  a  little  cold  drawn 
linseed  oil;  but  it  cannot  be  made  so  fit  for  burning  in  lamps 
as  spermaceti  oil.  Perhaps  the  best  way  of  using  it  will  be 
found  to  be  the  converting  it  into  oil  gas.  (See  vol.  i.  p.  418.) 
For  burning  in  lamps,  it  may  be  deprived  of  its  offensive 
odour  by  several  processes  described  by  Mr.  Dossie  in  the  15th 
vol.  of  the  Phil.  Mag. 

The  specific  gravity  of  whale  oil  is  0.9191.  It  boils  at 
640^,  and  may  be  distilled  over;  but  its  properties  are  then 
materially  altered,  or  rather  it  becomes  a  new  substance,  its 
specific  gravity  being  diminished  to  0.868,  its  boiling  point 
lowered,  and  its  inflammability  much  increased.  By  long 
continued  heat,  without  being  volatilized,  it  undergoes  changes 
which  have  been  described  in  the  54th  vol.  of  the  Phil.  Mag. 
and  also  by  Dr.  Bostock,  in  the  Ann.  of  Phil.  N.S.  i.  47. 

Dr.  Thomson  analyzed  whale  oil,  and  found  it  to  consist  of 

Carbon  ....  12  atoms  • .  72    ....  68.87 

Oxygen 2  ditto    ..  16    ....  16.10 

Hydrogen  ..  17  ditto   ..  17    ....  15.03 

105  100.* 

II.  Sp£rm  oil,  or  Sperm ACSTi  oil,  forms  part  of  the  oily 
substance  found  in  the  cranium  of  the  physeior  macrocepkalus, 
or  spermaceti  whale.  The  oil  is  separated  by  putting  the 
mass  into  a  woollen  bag  and  pressing  it,  by  which  the  oil  is 

•jr    -  -^i.     w , ,,  ■  ■ 

♦  System  of  Chemistry,  iv,  483. 
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made  to  run  out,  and  the  solid  rc«idae,  when  washed  with  a 
weak  alkaline  ley,  affords  spermaceti. 

Spermaceti  oil  is  much  purer  than  train  oil,  and  burns 
away  without  leaving  any  charcoal  on  the  wicks  of  lamps.    It  * 
has  been  decomposed  by  Dr.  Ure^  by  peroxide  of  copper,  and 
found  to  consist  of 

Carbon  • . .  •  10  atoms  • ...  60   78*00 

Oxygen  ....     1  ditto 8    10.20 

Hydrogen..     9  ditto 9    11.80 

77  100. 

III.  Spbbmacbti  (called  by  Cbevreul'*  celiae)  bears  some 
resemblance  to  wax,  but  differs  from  it  in  other  properties* 
It  is  more  readily  fusible,  viz.  at  112^  Fahr.  and  is  less  solu- 
ble in  boiling  alcohol,  of  which  it  requires  150  times  its  weight. 
It  is  copiously  dissolved  by  boiling  ether ;  and  the  solution, 
on  cooling,  becomes  a  solid  mass.  Pure  potassa  acts  on  it 
more  remarkably  than  on  wax ;  and  the  compound  is  quite 
soluble,  forming  a  true  soap.  A  heated  solution  of  ammonia 
affords  a  liquid,  which  is  not  precipitated  by  cooling,  or  by 
the  addition  of  water ;  but  is  decomposed  by  acids.  From  the 
solution  by  potassa,  Chevreul  separated,  by  adding  a  mineral 
acid,  a  substance,  which  he  terms  cetic  acid.  It  is  a  white 
solid,  fusible  at  nearly  the  same  point  as  spermaceti^  but  which 
does  not,  on  cooring«  crystallize  in  plates.  It  is  insoluble  in 
water,  but  much  more  soluble  in  alcohol  than  spermaceti^  and 
is  susceptible  of  union  with  various  bases,  with  which  it  forms 
salts  or  soaps.f 

IV.  A01POCIBK."— A  singular  instance  of  the  production  of 
animal  oil  from  the  lean  or  muscular  part  of  animals,  occurs  in 
the  conversion  of  muscle  into  a  substance  resembling  sperma- 
ceti, and  called  by  the  French  chemists  adepocirs.  To  effect 
this  conversion,  it  is  only  necessary  to  confine  the  fleshy  part 
of  an  animal  in  a  box,  with  several  holes  in  it,  under  the  sur- 
face of  a  running  stream.     When  thus  confined,  the  change 

■  ■  ■ 

•  Ann,  de  Chim.  et  Phys.  vii.  155.  t  I^d-  '^^v.  IT. 
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takes  place  spontaneously  in  the  course  oPa  few  months.  But 
it  may  be  accomplished  much  sooner,  by  digesting  animal 
muscle  is  strong  nitric  acid,  and  washing  off  the  acid  by 
water,  as  soon  as  the  change  has  ensued.  The  substance,  thus 
obtained,  may  be  bleached,  by  exposure  to  chlorine  gas. 
From  the  experiments  of  Chevreul  and  of  Gay  Lussac,**  the 
fatty  matter  thus  obtained  appears  to  be  separated,  rather 
than  formed,  by  tlie  processes  which  have  been  described. 
Their  inferences,  however,  ai^e  not  admitted  by  Dr.  Thom- 
son.+ 

Adipocire  has  a  light  yellow  colour,  the  consistence  of  tal- 
low, and  a  homogeneous  texture.  It  melts  at  an  inferior  tem- 
perature to  either  of  the  foregoing  bodies,  viz.  at  f)2<*  Fahren- 
heit. Cold  alcohol  has  little  action,  but  when  heated,  di^ 
solves  about  4-  or  -|-  its  weight.  On  cooling,  it  is  deposited 
nearly  white,  and  the  alcohol  has  acquired  a  yellow  tinge. 
Boiling  ether  dissolves  nearly  one  fourth,  which  separates, 
almost  white,  on  coolinj;.  Fixed  alkalis  act  on  this  sub- 
stance, as  on  wax  and  spermaceti,  forming  with  it  a  soluble 
soap.  Cold  ammonia  scarcely  attracts  it,  and  in  this  respect 
it  differs  from  both  the  preceding  substances. 

V.  The  FAT  of  animals  may  be  separated  from  the  mem- 
branous and  other  substances,  with  which  it  is  united,  by 
melting  it  at  a  gentle  heat,  with  the  addition  of  a  small 
quantity  of  water.  Fat,  which  has  been  thus  prepared,  is 
called  lard  when  of  a  soft  consistence,  and  tallow  when  harder. 
From  the  whale  and  some  other  animals,  the  fat  is  obtained 
fluid,  and  is  then  called  animal  oil. 

Animal  fat  is  insipid  and  free  from  smell.  It  cannot  be 
combined  either  with  water  or  with  alcohol ;  but  it  unites  with 
alkalis  and  forms  soap.  It  is  apt  to  become  rancid  by  keep- 
ing, owing  to  the  formation  of  an  acid,  most  probably  by  the 
oxygenation  of  gelatine,  or  of  some  other  animal  substance 
which  the  fat  contains. 

Fat  melts  at  a  very  moderate  heat.  Lard  becomes  fluid  at 
about  92^  Fahrenheit,  and  tallow  a  few  degrees  higher.     At  a 

*  Ann.  d«  Chim.  et  Phys.  iv.  71.  f  Annuls  of  Phil.  xu.  41. 
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Still  higher  temperature,  tallow  is  decomposed,  and  yields, 
among  other  products,  a  large  quantity  of  olefiaut  gas.  Hence 
its  fitness  for  artificial  illumination. 

If  fat  be  melted  with  about  one  sixteenth  its  weight  of  nitric 
acid,  the  mixture  being  kept  fluid,  and  constantly  stirred  for 
some  time,  a  considerable  change  is  produced  in  its  appear- 
ance. Nitric  oxide  and  nitrogen  gases  are  evolved ;  and  the 
lard  becomes  granular,  of  a  firmer  consistence,  and  soluble 
in  alcohol.  Any  adhering  acid  may  be  removed  by  washing 
it  with  water.  In  this  state,  it  has  been  called  by  the  French 
chemists  oopygenatedfat. 

Melted  fat  dissolves  both  sulphur  and  phosphorus.  It  unites, 
also,  with  several  metallic  oxides,  and  ibitns  compounds,* 
which  have  nearly  a  solid  consistence. 

Stearirty  Elmrij  S^'c, 

It  has  been  shown  by  the  experiments  of  Chevreul,  which 
have  been  confirmed  by  those  of  Braconnot,*  that  fat  is  not 
homogeneous,  but  composed  of  two  distinct  substances.  When 
bc^s-lard  is  heated  with  alcohol,  the  fluid  on  cooling  deposits 
white  crystalline  needles,  which  may  be  purified  by  again  dis- 
solving them  in  hot  alcohol,  and  allowing  them  to  crystallize 
a  second  time.  To  the  solid  thus  obtained,  Chevreul  has 
given  the  name  of  slearin^  from  o-lea^,  tallow.  It  is  white,  brit- 
tle, and  free  from  taste  and  smell,  and  in  appearance  resem- 
bles wax.  Its  point  of  fusion  varies  from  109®  to  120°  Fahr. 
according  to  the  source  from  which  it  hajS  been  obtained.  It 
is  soluble  in  heated  alcohol ;  and  is  convertible  into  soap  by 
being  treated  with  alkalis. 

When  the  alcoholic  solution  of  fat,  afier  having  deposited 
all  its  stearin,  is  submiited  to  distillation,-  there  remains  an 
oil,  which  is  fluid  at  59®  Fahrenheit,  and  is  called  by  Chev- 
reul elahi  (from  c^aioi/,  oil.)  It  has  generally  both  colour  and 
smell,  but  these  are  not  essential  to  it^  and  depend  on  the 
source  from  which  it  has  been  obtained.  It  is  convertible  into 
soap  with  alkalis. 

*  Ann.  de  Chira.  torn.  Ixxxviii.  xciii.  xciv.  xcv.;  -and  Ann.  de  Cbim.  •! 
Phys.  vol.  ii.  &c. 
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Braconnot  separated  these  two  component  principles  fromi 
each  other,  by  simply  pressing  fat  between  folds  of  blotting 
paper,  which  imbibes  only  the  elain,  and  again  gives  it  out 
on  being  moistened  with  water  and  submitted  to  pressure. 
The  proportion  of  the  two  ingredients  differs  considerably 
in  different  varieties  of  fat.  Stearin  being  the  cause  of  its 
hardness  is,  of  course,  most  abundant  in  fat  of  firmest  con- 
sistence. 

When  bogVlard  is  made  into  a  soap  with  potassa,  and  this 
soap  is  put  into  water,  it  is  partly  dissolved,  and  partly  depo* 
sited  in  pearl-coloured  scales.  These  scales  consist  of  potassa 
united  with  a  peculiar  acid,  which  is  separated  by  adding  a 
due  quantity  df  muriatic  acid,  and  floats  on  the  surface  of  the 
liquor.  Chevreul  at  first  gave  it  the  name  of  margarine  (from 
fiet^oLgimgy  a  pearl),  but  afterwards  proposed  that  of  magaritic 
add.  It  is  tasteless,  but  reddens  litmus,  is  fusible  at  134% 
and  on  c<joling  shoots  into  brilliant  white  needles;  floats  on 
water,  and  is  insoluble  in  it ;  but  is  soluble  to  great  extent  in 
alcohol.  It  unites  with  potassa  in  two  proportions,  via^  that 
of  100  acid  to  8.80  potassa,  and  of  100  acid  to  17.77  potassa. 
It  is,  also»  capable  of  uniting  with  other,  salifiable  bases. 

That  portion  of  the  soap  of  hogVlard»  which  remains  dis- 
solved in  water,  is  a  compound  of  potassa  with  a  difierent  acid, 
mixed  however  with  some  proportion  of  the  margaritic.  To 
separate  this  acid,  the  soap  was  decomposed  by  tartaric  acid ; 
the  oleic  acid  thus  obtained  was  again  saturated  with  potassa, 
and  the  compound  again  decomposed  by  tartaric  acid.  After 
two  or  three  repetitions  of  this  process,  an  oily  fluid  was  ob- 
tained, destitute  of  smell  and  colour ;  of  the  specific  gravity 
«899;  and  remaining  fluid  till  cooled  to  35%  or,  in  some  of  its 
varieties,  to  43%  This  acid  does  not  unite  with  water,  but  is 
very  soluble  in  alcohol.  It  unites  also,  with  salifiable  bases, 
and  forms  a  variety  of  salts  or  soaps,  the  precise  composition 
of  which  has  been  stated  by  Chevreul.* 

A  very  remarkable  experlm^t  has  been  performed  by  Be- 
rard,  the  result  of  which  has  been  the  production  of  a  sub- 
stance resembling  fat  from  bodies  in  a  gaseous  state.     It  con- 

•  Ann.  de  Chim.  xciv.  ^63. 
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sisted  in  mixing  together  one  yolume  of  carbonic  acid,  10 
volumes  of  carbureted  hydrogen,  and  20  volumes  of  hydrogen, 
and  passing  the  mixture  through  a  red  hot  porcelain  tube. 
The  result  was  a  substance  in  small  white  crystals,  lighter  than 
water,  soluble  in  alcohol,  and  fusible  by  heat  into  a  fluid  re* 
sembling  a  fixed  oil."*  Dobereiner  is  said^  also,  to  have  ob- 
tained a  similar  product  by  igniting  a  mixture  of  coal  gas  and 
aqueous  vapour. 


SECTION  IX, 

minimal  Acids, 

Of  the  acids,  that  have  hitherto  been  discovered  to  enter 
into  the  composition  of  animal  substances,  several  have  already 
been  described,  viz.  the  phosphoric,  sulphuric,  muriatic,  car* 
bonic,  benzoic,  acetic,  and  malic.  Besides  these,  the  follow- 
ing ace  either  component  parts  of  animal  substances,  or  are 
formed  by  treating  them  with  chemical  agents. 

I.  The  uric  aady  or  lithic  acidj  exists  in  human  urine,  even 
in  its  most  healthy  state,  not  however  uncombined,  but  gene- 
rally united  with  ammonia.  The  purest  form  in  which  it 
occurs  is  in  the  excrement  of  the  serpent,  called  boa  constrict 
tor^  and  of  other  amphibia.  (Phil.  Trans.  1818,  p.  303.)  Tlie 
substance,  occasionally  voided  along  with  the  urine,  and  called 
gravely  consists  for  the  most  part  of  uric  acid ;  and  this  acid 
forms,  also,  one  of  the  most  common  ingredients  of  urinary 
calculi.  It  may  be  obtained,  by  dissolving  a  calculus  of  this 
kind  (the  external  characters  of  which  will  be  hereafter  des- 
cribed), reduced  to  fine  powder,  in  solution  of  potassa;  de- 
composing the  clear  solution  by  muriatic  acid  added  in  excess; 
and  washing  the  precipitate  with  a  large  quantity  of  distilled 
water.  The  precipitate  may  be  drained,  and  dried  at  212% 
a  temperature  sufficient  to  deprive  it  entirely  of  water. 

1.  Uric  acid,  when  pure,  is  destitute  of  colour,  taste,  and 
smell;  it  dissolves  in  1720  parts  of  cold  water,  or  1150  parts 


*  Tbomson^a  Anoala,  xii.  41. 
VOL.  II,  2  c 
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of  boiling  water;  from  which)  on  cooling,  much  of  the  acid 
precipitates.  This  was  the  degree  of  solubility  in  the  speci-> 
men  which  I  tried,  butDn  Prout  (on  Calculous  Diseases,  p.  U,) 
states  that  one  part  of  uric  acid  does  not  dissolve  in  less  than 
10.000  parts  of  water  at  60°.  It  is  possible,  therefore,  that 
my  specimen  might  contain  urate  of  ammonia^  which  is  a 
much  more  soluble  substance.  The  solution  reddens  vege- 
table blue  colours,  and  combines  readily  with  pure  alkalis, 
but  does  not  effervesce  with  the  alkaline  carbonates.  The 
resulting  salts,  termed urates  or  lithates^  I  have  described  at 
length  in  the  Manchester  Society's  Memoirs,  vol.  ii.  N.S.  Fixed 
alkaline  solutions  dissolve  a  considerable  quantity  of  uric  acid, 
if  the  alkali  be  in  excess.  The  saturated  compounds,  how- 
ever, of  uric  acid  with  alkalis,  are  not  much  more  soluble  in 
water  than  the  acid  itself.  The  combination  of  uric  acid  with 
soda  constitutes  the  principal  part  of  the  concretions,  found 
near  the  joints  of  gouty  persons. 

2.  Nitric  acid,  diluted  with  about  an  equal  weight  of  water, 
dissolves  the  uric  acid  at  a  moderate  heat,  and  a  solution  is 
obtained  which  stains  the  skin  permanently  of  a  pink  co- 
lour ;  but  the  colour  is  not  fully  developed  till  the  part 
has  been  exposed  to  the  sun.  If  the  solution  be  boiled,  car- 
bonic acid  and  nitrogen  gases  escape,  and  prussic  acid  is 
formed.  On  evaporation  to  dryness,  a  bright  red  or  carmine 
coloured  mass  remains,  of  which  more  will  be  said  in  connec- 
tion with  the  purpuric  acid.  By  repeatedly  distilling  nitric 
from  uric  acid,  the  latter  is  at  length  wholly  decomposed; 
carbonic  acid  and  nitrogen  gases  are  evolved ;  and  a  strong 
smell  of  prussic  acid  is  produced.  The  residuary  fluid  depo- 
sits crystals,  which  Dr.  Pearson  found  to  be  nitrate  of  ammo- 
nia. Chlorine  gas,  passed  through  water  in  which  uric  acid 
is  suspended,  occasions  the  formation  of  muriate  of  ammonia, 
and  of  oxalic  and  malic  acids. 

S.  When  the  uric  acid  is  distilled  per  se,  about  one  fourdi 
its  weight  of  a  yellow  sublimate  arises,  which  contains  no  uric 
acid ;  but  a  new  and  peculiar  one  combined  with  ammonia. 
A  few  drops  of  thick  oil  make  their  appearance ;  and  carbon- 

*  Thomsou's  Anoals,  xii.  08. 
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,  ate  of  ammoDia,  with  sotnfi^russic  acidf  water,  and  carbonic 
acid,  are  obtained.  In  th^  retort  there  remains  about  one 
sixth  of  charcoal.  By  submitting  uric  acid  to  destructive  dis- 
tillation along  with  oxide  of  copper,  Gay  Lussac  determined 
that.the  carbon  is  to  the  azote  which  it  contains,  in  volume, 
as  2  to  I,  as  is  also  the  case  in  cyanogen.*  It  has  been 
shown,  also,  by  Berard,  that  in  uric  acid,  the  hydrogen  is  to 

^  the  oxygen  in  a  greater  proportion  than  in  water,  contrary  to 
what  has  been  established  with  respect  to  vegetable  acids.t 
Dr.  Prout  has,  also,  analyzed  uric  acid  by  the  same  process 
as  that  of  Gay  Lussac,  and  finds  it  to  be  composed  of 

Hydrogen 2.857  =  1  atom  or  1  volume 

Carbon 34.286  s  2  ditto  or  2  ditto 

Oxygen, 22.857  =  1  ditto  or  4  ditto 

Azote 40.         as  1  ditto  or  I  ditto 


100. 

Pyr<huric  acid.  This  acid,  the  existence  of  which  had  been 
hinted  by  Scheele,  and  some  of  its  compounds  examined  by 
myself,  has  been  fully  investigated  by  Chevallier  and  Las^ 
saigne.  (Ann.  of  Phil,  xvi,  25.)  They  dissolved  the  yellow 
sublimate  (noticed  No.  3,  of  the  last  article)  in  water,  and 
added  sub-acetate  of  lead.  A  white  precipitate  was  obtained^ 
which,  after  being  washed  with  water,  was  decomposed  by  sul- 
phureted  hydrogen  gas.  The  liquid,  when  filtered  and  eva- 
porated, yielded  small  white  needles  which  were  pure  pyro- 
uric  acid. 

Of  this  acid,  cold  water  dissolves  about  one  fourth  of  its 
weight,  and  the  solution  reddens  vegeteble  blues.  It  dissolves 
in  boiling  alcohol,  and  separates,  as  the  solution  cools,  in 
small  white  grains.  When  heated,  it  melts,  and  sublimes 
entirely  in  white  needles.  By  being  passed  through  a  red 
hot  glass  tube,  it  is  decomposed,  and  converted  into  the  com* 
mon  products  of  animal  matter.  It  dissolves  in  nitric  acid, 
and,  by  evaporation  of  the  acid,  is  obtained  unaltered,  a  cha« 

*  96  Ann.  de  Chim.  53.  f  Ann.  de  Chiin.  et  Pbys.  v.  895. 
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racter  Bufficiently  distinguishing  it  from  uric  acid,  which, 
when  thus  treated,  yields  purpurate  of  ammonia. 

With  lime,  pyro-uric  acid  forms  a  crystallizable  salt,  which 
melts  on  applying  heat,  and  assumes  on  cooling  the  consis- 
tence of  yellow  wax.  It  is  constituted  of  91.4  acid  +  S.6  base. 
Potassa,  soda,  and  ammonia,  form  with  it  soluble  salts,  the  two 
first  of  which  are  crystallizable.  Ite  compound  with  baryta 
is  very  sparingly  soluble.  Its  alkaline  salts  precipiute  per- 
oxide of  iron  yellow ;  that  of  copper  bluish  white;  and  the 
oxides  of  mercury,  silver,  and  lead,  quite  white. 

When  analyzed  by  combustion  with  peroxide  of  copper  it 
afforded 

Carbon 12  atoms .  •  72  28.29 

Oxygen 14  ditto    ..  112  44.82 

Hydrogen  ...  26  ditto    ..  25  10. 

Azote 3  ditto    . .  42  16.84 


251  100. 

In  this  analysis  the  products,  it  may  be  observed,  fall  short 
of  the  original  acid  by  0.55  per  cent. 

Purpuric  acid. — When  to  a  solution  of  pure  uric  acid  in  di- 
luted nitric  acid,  ammonia  is  added,  so  as  to  neutralize  the 
excess  of  acid,  and  the  solution  is  slowly  evaporated,  its  colour 
gradually  becomes  of  a  deeper  purple,  and  dark  red  crystals 
soon  begin  to  separate  in  abundance.  These  may  be  dis- 
solved in  dilute  solution  of  potassa,  and  heat  applied  to  the 
solution  till  the  red  colour  entirely  disappears.  The  alkaline 
solution  is  then  to  be  gradually  dropped  into  diluted  sulphuric 
acid,  which  saturates  both  the  potassa  and  ammonia,  and  pre- 
cipitates a  peculiar  acid  in  the  form  of  a  very  fine  powder,  of 
a  slightly  yellowish  or  cream  colour,  exhibiting  a  pearly  lustre 
when  viewed  by  a  magnifier,  and  destitute  both  of  smell  and 
taste.  It  is  of  greater  specific  gravity  than  water,  though, 
from  its  minute  state  of  division,  it  subsides  very  slowly.  This 
powder  is  the  purpuric  acid ;  a  title  assigned  to  it  by  Dr. 
Prout  from  its  power  of  saturating  alkalis,  though  it  is  not 
capable  of  reddening  litmus. 
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Parpuric  acid  is  very  little  soluble  in  water,  1000  grains  of 
which  do  not  dissolve  1-lOth  of  a  grain,  but  the  water  assumes 
a  purple  tint,  which  it  retains  when  cold.  It  is  insoluble  in 
ether,  alcohol,  dilute  mineral  acids,  and  solutions  of  oxalic, 
citric,  and  tartaric  acids.  ,  Concentrated  mineral  acids,  and 
strong  alkaline  solutions,  dissolve  it  readily.  Strong  nitric  acid 
decomposes  it  with  heat,  and  a  purple  compound  is  obtained 
by  evaporation  to  dryness,  precisely  as  if  uric  acid  had  been 
dissolved. 

Purpuric  acid  expels  carbonic  acid  from  the  alkaline  carbo- 
nates by  the  assistance  of  heat,  and  affords  a  class  of  compounds 
called  purpurates.  The  aqueous  solutions  of  these  salts  have  a 
beautiful  deep  carmine  or  rose  red  colour,  from  which  property 
the  specific  name  of  the  acid  has  been  derived.  This  colour 
is  perhaps  best  shown  in  purpurate  of  ammonia,  which  Dr. 
Prout  supposes  to  constitute  the  colouring  ingredient  of  the 
pink  sediment,  deposited  from  the  urine  of  persons  labouring 
under  fevers. 

By  the  combustion  of  purpuric  acid  with  peroxide  of  cop- 
per,  Dr.  Prout  determined  it  to  consist  of 

Carbon  ....  2  atoms  ....  12  27.27 

Oxygeii  ....  2  ditto  ....  16  36.36 

Hydrogen  . .  2  ditto  ....     2  ^.S* 

Azote 1  ditto  ....  14  31.81 

44  100.* 

An  acid  has  also  been  obtained  by  Brugnatclli,  by  acting  on 
uric  acid  with  nitric  acid,  which  he  has  proposed  to  call  ery- 
t/iric  acid  (from  ipvipcdvetvy  to  redden)  and  its  compounds  ery- 
thrates.  (Phil.  Mag.  lii.  30.)  This  compound  differs,  how- 
ever, essentially  from  the  purpuric  acid  of  Dr.  Prout.  It 
may  be  formed  by  dissolving  pure  uric  acid  in  a  slight  excess 
of  nitric  acid,  evaporating  slowly,  and  putting  the  solution  by 
to  crystallize  in  a  cool  place.  These  crystals  Dr.  Prout  sup* 
poses  to  be  either  a  compound  of  super*nitrate  and  super-pur- 
purate  of  ammonia,  or  a  simple  compound  of  nitric  and  pur- 


•  PhiLTrana.  1818,p.493. 
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puric  acid.  (Ann.  of  PhQ.  xiv.  368.)  They  turn  slowly  to  a 
purple  colour  on  exposure  to  the  air,  or  more  rapidly  if  dis- 
solved in  water  and  mixed  with  a  few  drops  of  liquid  am- 
monia. 

II.  Rosacic  Acid. — There  is  a  substance  well  known  tophy« 
sicians,  as  a  deposit  from  the  urine  at  certain  stages  of  fever, 
at  the  close  of  attacks  of  gout,  and  in  other  diseases,  under  the 
name  of  lateritious  sediment,  which  Dr.  Prout  considers  as 
chiefly  composed  of  purpurate  of  ammonia,  formed  probably 
by  the  action  of  nitric  acid  on  uric  acid,  in  the  urinary  organs 
or  passages.  (On  Calculous  Diseases,  p.  16.)  According  to 
Proust,  however,  this  sediment  contains,  mixed  with  uric  acid 
and  phosphate  of  lime,  a  peculiar  acid,  which  be  terms  the 
rosacic,  from  its  resemblance  in  colour  to  the  rose.  This 
acid,'  he  observes,  differs  chiefly  from  the  uric,  in  being  very 
soluble  in  hot  water;  in  having  little  tendency  to  crystallize; 
and  in  precipitating  muriate  of  gold  of  a  violet  colour.  The 
experiments  of  Proust  have  been  confirmed  and  extended,  first 
by  Vauquelin  and  afterwards  by  VogeL"*^  The  latter  chemist 
finds  that  concentrated  sulphuric  acid  converts  rosacic  acid 
first  into  a  deep  red  powder,  and  afterwards  into  a  white  inso- 
luble substance  which  has  all  the  properties  of  uric  acid. 
Nitric  acid  effects  the  same  change.  It  appears,  therefore, 
that  the  rosacic  and  uric  acids  differ  but  little  from  each  other, 
and  that  the  transition  is  easily  made  from  the  former  to  the 
latter. 

III.  The  amniotic  acid  has  been  discovered  by  Fourcroy 
and  Vauquelin,  in  the  liquor  of  the  amnios  of  the  cow,  from 
which,  by  slow  evaporation,  it  separates  in  white  crystals.  It 
has  a  brilliant  appearance;  a  slight  degree  of  sourness ;  red- 
dens vegetable  btues ;  is  scarcely  soluble  in  cold  water,  but 
readily  in  hot,  from  which  it  separates,  on  cooling,  in  long 
crptals.  It  is  also  soluble  in  heated  alcohol.  It  combines 
readily  with  alkalis  and  forms  neutral  salte,  from  which  the 
amniotic  acid  is  precipitated  by  other  acids.  It  does  not  de- 
compose alkaline  carbonates;  nor  does  it  precipitate  salts 
with  earthy  bases,  nor  the  nitrates  of  silver,  mercury,  or  lead. 

•  96  Ann.  de  China.  306. 
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By  a  strong  heat,  it  is  decomposed,  emits  ammonia  and  prus* 
sic  acid,  and  leaves  a  bullcy  charcoal. 

IV.  The  lactic  acid  forms  a  component  part  of  sour  milk; 
from  which  the  acid  may  be  obtained  by  gently  evaporating 
it  to  about  one-eighth;  filtering  to  separate  the  curd;  and 
adding  lime-water  to  the  residue.  A  precipitate  of  lactate  of 
lime  is  formed ;  from  which  the  acid  may  be  separated  by 
oxalic  acid.  The  lactic  acid  is  thus  obtained  in  an  impure 
state,  dissolved  in  water.  Evaporate  the  solution  to  the  con- 
sistence of  honey ;  on  this  pour  alcohol,  and  filter  the  soln^ 
tion.  When  the  alcohol  is  separated  by  distillation,  the  lactic 
acid  remains  pure. 

This  acid  has  a  yellow  colour,  is  not  susceptible  of  being 
crystallized,  and  attracts  the  humidity  of  the  air.  It  combines 
with  alkalis  and  earths,  and  forms  deliquescent  salts.  It  dis* 
solves  iron  and  zinc,  with  a  production  of  hydrogen  gas.  It 
unites  also  with  the  oxides  of  other  metals.  In  its  properties, 
it  bears  most  resemblance  to  acetic  acid.  Fourcroy,  indeed, 
supposed  that  it  is  really  the  acetic  acid,  holding  in  solution  a 
quantity  of  extractive  matter  and  of  the  salts  contained  in 
whey,  which  disguise  its  ordinary  properties.*  But  Berzelius 
contends  that  it  is  a  distinct  acid,  and  that  it  exists,  either  free 
or  united  with  soda,  in  all  animal  fluids.f 

V.  The  saccholacticy  saclactic^  or  mucic  acid  (the  last  of 
which  names  is  considered  by  Berzelius  as  improper)  is  formed 
by  pouring  on  powdered  sugar  of  milk,  in  a  stoppered  retort, 
four  times  its  weight  of  nitric  acid,  aud  distilling  off  a  consi- 
derable portion  of  the  liquor.  On  leaving  it  to  crystallize, 
oxalic  acid  is  obtained ;  but  if^  instead  of  this,  the  liquid  be 
suddenly  diluted  with  water,  a  white  sediment  forms,  which 
may  be  separated  by  decantation  and  washing,  and  the  oxalic 
acid  remains  in  solution. 

Saclactic  acid  may,  also,  be  obtained  by  pouring  on  one 
part  of  gum  arabic  in  a  stoppered  retort,  two  parts  of  nitric 
acid ;  applying  heat  a  short  time,  till  a  little  nitrous  and  car- 

*  Nicholson's  Journal,  x.  264. 

t  Thomson's  Annals,  ii.  201,  note.  See  also  his  Investigation  of  the 
lactic  acid,  in  Phil.  Mag.  xli.  241. 
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bonic  acid  gases  have  come  over,  and  then  allowuig  the  mix- 
ture to  cool.  A  white  powder  gradually  separates,  from 
which  the  liquid  is  to  be  decanted.  The  powder,  after 
being  washed  several  times  with  cold  water,  is  saccholactic 
acid. 

This  acid  is  about  one-fourth  more  soluble  in  hot  than  in 
cold  water.  Of  the  former  it  requires  60  parts.  The  solution 
is  acid,  and  reddens  the  colour  of  litmus.  At  a  boiling  heat, 
it  efiervesces  with  alkaline  carbonates ;  and  unites  readily  with 
alkalis  and  earths,  forming  a  genus  of  salts  which  are  called 
saccholactaies  or  saclactaies.  With  potassa,  it  affords  a  salt 
soluble  in  eight  times  its  weight  of  cold  water,  and  crystalliza- 
ble  on  cooling ;  and  with  soda  a  salt  equally  crystallizable,  and 
requiring  only  five  parts  of  water  for  solution. 

The  saccholactic  acid  is  decomposed,  when  distilled  at  a  red 
heat,  and  yields  an  acid  liquor,  which  deposits  needle-shaped 
crystals.  An  empyreumatic  oil  is  also  formed,  and  a  consi- 
derable quantity  of  carbonic  acid  and  hydro-carburet  gases. 
A  considerable  proportion  of  charcoal  remains  in  the  retort. 
Gay  Lussac  and  Tbenard,  and  Berzelius,  have  determined  its 
composition  to  be 

Carbon 33.69    33.430 

Oxygen 62.69    61.465 

Hydrogen 3.62    5.105 

100.*  lOO.f 

Calculating  on  the  results  of  Ber^elius^s  experiments,  sac- 
lactic  acid  should  consist  of 

Carbon 6  atoms  ....  36    ....  34.28 

Oxygen 8  ditto    ....  64    ....  60.95 

Hydrogen 5  ditto    ....     5    •  • .  •     4.77 


105  100. 

SaclacUite  of  lead  has  also  been  analyzed  by  Berzelius,  and 
with  a  result  which  confirms  the  above  equivalent  number.  It 

*  Gay  Lussac  and  llienard.  f  Beraelias. 
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found  to  consist  of  100  saclactic  acid  +  106.87  protoxide 
of  lead,  numbers  which  have  as  nearly  as  possible  the  propor- 
tion of  105  to  112,  the  equivalent  of  the  protoxide. 

VI.  Sebacic  acid, — Accordinp^  to  Thenard,  the  acid  which 
has  been  described  as  the  sebacic,  obtained  by  adding  finely 
powdered  quicklime  to  melted  fnt,  and  disengaging  the  acid 
by  the  sulphuric,  is  merely  acetic  acid,  disguised  by  a  little  sul« 
phurous  acid.  Besides  this,  however,  a  different  acid  may  be 
procured  by  first  distilling  hogs'-iard,  and  washing  the  product 
with  hot  water.  The  watery  solution,  poured  into  one  of  ace* 
tate  of  lead,  gives  a  flaky  precipitate,  which  is  to  be  heated, 
along  with  sulphuric  acid,  in  a  retort.  No  acid  is  distilled 
over ;  but  on  the  surface  of  the  matter  in  the  retort,  there 
floats  a  substance  resembling  fat,  which  may  be  separated,  and 
washed  with  boiling  water.  The  water  entirely  dissolves  it, 
and  becomes  concrete  on  cooling. 

The  acid,  thus  procured,  has  a  white  colour ;  is  without 
smell;  has  a  slightly  acid  taste,  and  reddens  infusion  of 
litmus.  When  heated,  it  melts  like  a  sort  of  fat ;  boiling 
water  saturated  with  it  becomes  solid  on  cooling.  Alcohol 
dissolves  it  copiously.  It  precipitates  acetates  and  nitrates  of 
mercury  and  lead,  and  nitrate  of  silver.  The  alkalis  are 
neutralized  by  it,  and  form  soluble  salts,  which  do  not  decom- 
pose the  solutions  of  lime,  bar}'ta,  or  strontia.  It  may  be 
volatilized ;  but  requires  a  higher  temperature  than  benzoic 
acid,  which,  in  several  particulars,  it  greatly  resembles.  Ber- 
zelius,  indeed,  considers  it  as  merely  benzoic  acid,  impregnated 
with  other  products  of  the  distillation  by  which  it  has  been 
obtained,  and  it  is  extremely  probable  that  his  opinion  is  well 
founded. 

VII.  The  hydro-cyanic  acid  is  formed,  chiefly  during  the 
decomposition  of  animal  substances,  at  high  temperatures  : 
or  rather,  as  Gay  Lussac  has  rendered  probable,  a  cyanide  of 
potassium  is  formed,  which  becomes  hydro^cyatiale  of  potassa, 
when  acted  upon  by  water  and  an  acid  conjointly,  in  the  man- 
ner already  explained  in  the  section  on  cyanogen. 

VI I I.  lL\\e  zoonic  acid  has  been  shown  by  Thenard  to  be 
merely  the  acetous,  holding  some  animal  matter  in  solution. 

IX.  The  formic  acidy  or  acid  of  ants^  was  submitted  to  a 

Digitized  by  VjOOQ IC 


S94  ANIMAL  SUfiSTANCBS.  CHAP.  XIU 

course  of  experiments  by  Fourcroj  and  Vanqaelin,  who  in-^ 
ferred  that  it  is  merely  a  mixture  of  acetic  and  malic  acids. 
This  conclusion  was  opposed  by  the  experiments  of  Suersen, 
who  endeavoured  to  prove  that  the  formic  is  really  a  peculiar 
acid ;  but  its  identity  with  the  acetic  was  again  asserted  by 
Fourcroy  and  Vauquelin,  and  the  only  difference  between  the 
two,  alleged  to  consist  in  the  presence  in  the  formic  of  a  little 
phosphoric  acid  and  animal  matter.*  Gehlen,  however,  pnb« 
lished  a  fresh  series  of  experiments,  the  object  of  which  was  to 
prove  that  the  formic  is  really  a  peculiar  acid.  Its  smell  and 
taste  differ,  he  alleges,  entirely  from  those  of  acetic  acid. 
When  sufficiently  cooled,  it  becomes  solid,  but  does  not  crys- 
tallize. Its  specific  gravity  is  1.1168;  when  diluted  with  an 
equal  weight  of  water,  it  becomes  1.060;  and  with  twice  its 
weight,  1.0296;  in  all  which  respects  it  differs  decidedly  from 
acetic  acid,f  as  well  as  in  composing  different  salts  with  oxide 
of  copper  and  other  bases. 

The  formic  acid  is  recognized,  also,  as  a  peculiar  compound 
by  Berzelius.  By  analysis,  he  obtained  as  the  ingredients  of 
formic  acid, 

Carbon 32.970 

Oxygen 64.223 

Hydrogen .* 2.807 

100. 

Reducing  these  proportions  to  atoms,  we  find  that  formic 
acid  is  constituted  of 

Carbon 2  atoms  ....  12   ....  32.4 

Oxygen  ,...,...  3  ditto    ....  24    ....  64.8 
Hydrogen 1  ditto    ....     1    . . . .     2.8 

37  100. 

The  equivalent  thus  deducedj  differs  very  little  from  that 
derivable  from  the  composition  of  formate  of  lead,  which 
Berzelius  found  to  consist  of  100  acid  +  298.1  base.  If  these 
results  are  worthy  of  confidence,  there  is  a  material  difference 

*  Ann.  de  Chim.  lxiv«  48.  f  ThomsoQ'a  Annals,  t.  S4. 
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between  the  coDStitution  of  formic  and  acetic  acids,  the 
latter  of  which  contains  4  atoms  of  carbon  +  3  of  oxygen 
+  2  of  hydrogen,  and  is  represented  by  50.  The  acid,  to 
which  the  formic  most  nearly  •approaches,  is  the  oxalic,  from 
which  it  differs  only  in  containing  an  atom  of  hydrogen  in  ad- 
dition to  the  carbon  and  oxygen.  Dobereiner  has  formed  it 
artificially,  by  slightly  heating  bi-tartrate  of  potassa  or  tartaric 
acid  with  black  oxide  of  manganese  and  water.  A  great 
quantity  of  carbonic  acid  escapes,  and  a  sour  colourless  liquid 
distils,  which  is  formic  acid.    (Ann.  of  Phil.  N.S.  iv.  910.) 
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CHAPTER  XIII. 

OF   THB   MORB   COMPLEX  ANIMAL   PRODUCl'S. 

All  arrangements  of  the  various  substances,  that  compose 
the  animal  body,  must,  iii  the  present  state  of  our  knowledge, 
be  entirely  arbitrary ;  and  it  can,  therefore,  be  of  little  con- 
sequence which  of  them  is  adopted.  The  most  obvious  divi* 
sion  is  that  which  distributes  them  into  fluids  and  solids,  and 
this  order  I  shall  follow  in  the  description  of  their  individual 
properties.  A  minute  history,  however,  of  all  the  variety  of 
animal  compounds  would  be  foreign  to  the  purpose  of  this 
work,  and  could  not  be  given  without  very  long  details.  For 
this  reason,  I  shall  notice,  at  greatest  length,  those  which  are 
most  interesting,  from  their  connection  with  animal  pliysiology. 


SECTION  I. 
Of  i/ie  Blood — Respiration^  dc. 

The  blood,  when  examined  as  soon  as  it  has  been  drawn 
from  the  body,  is  a  smooth  and  apparently  homogeneous 
fluid ;  viscid  to  the  touch ;  and  of  a  specific  gravity  exceeding 
that  of  water,  in  a  proportion  which,  generally  speaking,  varies 
from  1.030  to  1.050.  A  vapour  presently  exhales  from  it,  which 
lias  a  peculiar  smell,  but  which  does  not,  when  condensed,  af- 
ford a  liquid  differing  essentially  from  water.  In  a  few  mi- 
nutes, a  thin  film  appears  on  the  surface ;  and,  after  a  short 
time,  the  whole  mass  becomes  coherent.  When  it  has  remain- 
ed some  time  in  this  gelatinous  state,  a  more  complete  separa- 
tion of  its  principles  ensues.  Drops  of  a  yellowish  liquid  ooze 
out  from  beneath  the  surface  of  the  mass ;  and,  at  length,  the 
whole  is  resolved  into  two  parts,  a  firm  red  substance  called 
the  cnior,  crassamenlum,  or  clot;  and  a  yellowish  liquid 
termed  serum.    The  proportion  of  these  parts  varies  consi- 
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derably;  the  crassamentum  being  much  more  abundant  in 
vigorous,  well-fed  animals,  than  in  such  as  have  been  debili- 
tated by  disease  or  by  poor  living. 

The  period,  at  which  coagulation  begins,  varies  not  only 
with  the  condition  of  the  blood  itself,  but  with  the  circum- 
stances in  which  it  is  placed.  It  commences  sooner  as  the 
vessel  is  more  shallow ;  but,  on  an  average,  it  may  be  said  to 
begin  in  about  S^  minutes,  and  to  be  completed  in  seven. 
Fourcroy  states  that,  during  coagulation,  caloric  is  evolved ; 
and  this  fact  appeared  to  be  established,  also,  by  the  expert- 
ments  of  Dr.  Gordon,  who  found  the  coagulating  part  of  a 
quantity  of  blood  warmer  than  the  rest,  by  from  6^  to  12^ 
Fahrenheit.*  Subsequent  experiments  by  Dr.  John  Davy+ 
have,  however,  rendered  the  fact  extremely  questionable,  and 
have  led  to  the  suggestion  of  some  sources  of  fallacy  in  Dr. 
Gordon's  investigation. 

The  serum  is  an  apparently  homogeneous  fluid,  with  a  yel- 
lowish and  sometimes  slightly  greenish  tinge;  is  unctuous  to 
the  touch,  and  saltish  to  the  taste.  Its  specific  gravity  is  very 
variable,  but  on  the  average  is  about  1.029.  When  exposed 
to  a  heat  of  160^,  and  still  more  readily  in  that  of  212^, 
serum  is  converted  into  a  pretty  firm  white  mass.  This,  in 
fact,  is  merely  coagulated  albumen,  the  properties  of  which 
have  been  already  described.  When  cut  into  slices,  and  sub- 
jected to  gentle  pressure,  a  small  quantity  of  a  slightly  opaque 
liquor,  of  a  saline  taste  and  a  peculiar  odour,  oozes  from  it, 
which  is  called  the  serosity.  This  fluid  has  generally  been 
considered  as  holding  gelatine  in  solution ;  but  Dr.  Bostock 
has  found  reason  to  doubt  the  accuracy  of  the  opinion ;  in 
which  conclusion  he  is  supported  by  Brande  and  Berzeliut. 

Mr.  Brande  coagulated  two  fluid  ounces  of  serum,  and  di- 
gested the  coagulum,  cut  into  slices,  in  four  fluid  ounces  of 
distilled  water,  whidi  was  afterwards  separated  by  means  of  a 
filter.  The  liquid,  when  evaporated  to  half  an  ounce,  gela- 
tinized on  cooling,  and  was  precipitated  by  an  infusion  of  tan  ; 
but  this  effect  might  equally  well  be  produced  by  the  presence 
of  albumen ;  and  decisive  evidence  of  the  presence  of  the  latter 

•  Thomson's  Annals;  iv.  139.  f  Journal  of  Science,  Sec  ii,  240. 
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8ob6tance  was  obtaiiied^  by  placing  lome  of  the  fluid  in  the 
Voltaic  circuit,  when  a  ri4>id  coagulation  of  albumen  took 
place  round  the  negative  wire.  After  having  coagulated,  by 
Galvanic  electricity,  all  the  albumen  of  a  portion  of  serum, 
the  residuary  liquor  gave  no  indications  of  gelatine.  Mr. 
Brande,  therefore,  infers,  that  the  serosity  consists  of  albumen, 
in  combination  with  a  large  proportion  of  alkali** 

The  serosity,  according  to  Berzelius,  contains  no  sulphuric 
acid,  and  only  a  vestige  of  the  phosphoric;  but  it  consists  of 
water,  of  pure  soda  holding  albumen  in  solution,  of  muriates 
of  soda  and  potassa,  of  lactate  of  soda,  and  an  animal  matter, 
which  always  accompanies  the  lactate.t  The  solid  contents 
of  the  serosity.  Dr.  Bostock  finds  to  vary  from  ^th  to  y^th 
of  iu  weight;  but  on  an  average,  they  may  be  stated  at  ^ib. 
It  has  been  a  subject  of  controversy,^  which  of  the  mineral 
alkalis  exists  in  serum  in  an  uncpmbined  form.  Dr.  Pearson 
maintains  that  it  is  potassa ;  but  Drs.  Bostock,  Berzelius,  and 
Marcet,  allege  that  it  is  soda ;  and  the  evidence  prqx>nderates 
in  favour  of  the  latter  statement. 

When  serum  is  evaporated,  at  a  heat  below  that  required 
for  its  coagulation,  it  yields  a  yellowish  semi-transparent  mass, 
resembling  amber,  that  splits  to  pieces  in  drying,  and  amounts 
to  about  96  grains  from  1000  of  serum.  This  substance 
softens  in  water,  and  becomes  gelatinous ;  and  about  86  per 
cent,  of  its  weight  are  dissolved,  and  may  be  passed  through 
a  filter.  The  insoluble  part  is  albumen ;  and  much  of  this 
exists,  also,  in  the  filtered  liquor,  beside  the  neutral  salts,  which 
have  already  been  mentioned. 

The  mineral  acids  coagulate  serum  so  completely,  that  no 
albumen  remains  in  the  serosity.  The  insoluble  compounds, 
which  are  produced,  exactly  resemble  those  of  the  same  acids 
with  fibrin ;  and  thie  action  of  alcohol  is  the  same  in  both 
eases.  Hence  Berzelius  contends,  that  there  is  very  little  dif- 
ference between  albumen  and  fibrin.  The  only  character  of 
distinction  between  them  appears  to  be,  that  albumen  does  not 


*  Phil.  Trans.  1813.  f  Thomson's  Annals,  ii.  801. 

X  See  Medico-Chur.  Trans,  ii.  356;  368;  and  Nicholson's  Journal,  vols. 
XXI.  xxxi.  xxxiii. 
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coagulate  spontaneoasly, but  requires  a  high  temperature;  and 
from  this  circumstance^  it  is  less  rapidly  soluble  than  fibrin  in 
acetic  acid* 

The  serum  of  human  blood  is  composed,  according  to  Ber* 
zeliusy  of 

Water 905.0 

Albumen 80.0 

Substances  soluble  in  alcohol,  viz. 

Muriates  of  potassa  and  soda 6\  |^ ^ 

Lactate  of  soda  and  animal  matter 4  J 

Substances  soluble  in  water  only : 
Soda,  phosphate  of   soda,    and  a  little  animal 

matter 4.1 

Loss , 0.9 

1000. 

This  analysis  agrees  very  remarkably  with  one  of  Dr.  Mar* 
cet,  who  obtained  the  following  ingredients.  The  substance, 
termed  by  him  muco-exiraclive  matter^  is  doubtless  impure 
lactate  of  soda;  and  the  sulphate  of  potassa,  and  earthy  phos- 
phates, were  probably  formed  by  the  combustion. 

A  thousand  parts  of  human  serum  contain. 

Water 900.00 

Albumen 86.80 

'             Muriates  of  potassa  and  soda 6.60 

Muco-extractive  matter 4.00 

Subcarbonate  of  soda 1.65 

Sulphate  of  potassa   •  •  •  • 0.S5 

Earthy  phospliates 0.60 

1000. 

Vogel  considers  sulphur  as  another  constituent  of  serum ; 
for  he  finds  that  when  serum  is  kept  for  some  days,  at  the 
temperature  of  between  75^  and  90^  Fahr.  a  gas  exhales  fi-om 
it,  which  renders  legible  characters  written  on  paper  with 
acetate  of  lead.*    This  experiment  was  found  to  answer  with 

*  Ann.  do  Chim.  toU  IxxxtiI. 
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the  bile  and  urine ;  but  it  can  scarcely  be  regarded  as  a  proof, 
that  the  blood  contains  sulphur  as  stjch,  or  in  any  state  but 
that  of  intimate  combination.  The  same  chemist  has  endea- 
voured to  establish  the  presence  of  carbonic  acid  in  blood  when 
recently  drawn  *  from  a  vein. 

The  crassamenium  or  clot  is  resolvable  into  two  parts,  viz. 
what  has  been  called  coagulable  lymph  or  Jibrint  and  red 
globules.  The  separation  may  be  accomplished  by  long  con- 
tinued washing  with  water,  which  dissolves  the  red  globules 
only,  and  leaves  the  fibrin.  Its  properties  differ  scarcely  at  all 
from  those  of  fibrin  obtained  by  the  long  boiling  of  muscular 
flesh. 

Fibrin^  as  it  is  contained  in  the  blood,  is  held  in  a  state  of 
solution,  or  rather,  according  to  recent  observations  of  Mr. 
Bauer,  in  the  state  of  very  minute  white  globules.  It  is  still  a 
question  to  what  cause  its  spontaneous  coagulation  is  owing. 
That  it  does  not  arise  from  the  absorption  of  oxygen^  is  plain 
from  the  fact  that  blood,  by  exposure  to  oxygen  gas,  has  its 
coagulation  retarded.  Hydrogen  gas,  also,  delays  its  coagu- 
lation ;  but  carbonic  acid,  nitrous,  and  nitrogen  gases^  acce- 
lerate it.  In  vacuOf  Mr.  Hunter  states  that  it  occurs  at  the 
usual  period  ;  but  it  is  not  easy  to  conceive  under  what  cir- 
cumstances such  an  experiment  could  be  fairly  made.  When 
intercepted  in  a  living  vessel,  as  by  placing  ligatures  on  a  vein, 
Mr.  Hewson  found  that  blood  remained  imperfectly  fluid  for 
several  hours.  That  mere  rest  is  not  sufiicient  to  produce  its 
coagulation  appears,  also,  from  the  fact,  that  the  blood  conti- 
nues fluid  in  cases  where  the  circulation  is  suspended  through- 
out the  whole  system ;  as  in  fainting,  and  in  suffocation  from 
drowning  and  other  causes.  The  coagulability  of  fibrin  is 
destroyed,  also,  without  our  being  able  to  explain  the  fact,  in 
animals  killed  by  electricity  and  lightning;  by  a  blow  on  the 
stomach  ;  by  the  poison  of  the  viper ;  or  by  violent  passions 
of  the  mind.  In  some  diseases,  on  the  contrary,  its  tendency 
to  coagulation  is  greatly  increased. 

The  red  globules  of  the  blood  (that  part  to  which  its  peculiar 
colour  is  owing)  were  first  attentively  observed  and  accurately 

•  93  Ann.  deChim.ri. 
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described  by  Mr.  Hewson.  As  their  name  imports,  they 
have  a  globular  figure,  which  is  sufficieutly  visible  with  the 
aid  of  the  microscope.  The  diameter  of  these  globules  is 
from  1 -6000th  to  1 -4000th  of  an  inch.  They  appear  to  dis- 
solve readily  in  water,  and  tinge  it  with  their  own  peculiar  co- 
lour ;  but  Dr.  Young  finds  that  the  globule  remains  entire, 
though  colourless.  They  are  soluble  in  alkalis,  acids,  and 
alcohol,  but  not  in  the  serum.  The  watery  liquid  turns  syrup 
of  violeU  green;  and,  after  some  time,  deposite  a  flocculent 
precipitate,  doubtless  from  the  coagulation  of  albumen,  the 
presence  of  which  is  indicated,  also,  by  the  effect  of  boiling 
the  solution.  It  seems  to  consist  of  albumen,  dissolved  by 
an  excess  of  pure  soda.  When  evaporated  and  calcined  in  a 
crucible,  a  residuum  is  obtained,  amounting  to  about  xTrrs-  ^^ 
the  weight  of  solid  matter,  and  composed,  according  to  Four- 
croy  and  Vauquelin,  chiefly  of  sub-phosphate  of  iron. 

It  has  been  contended  that  the  red  colour  of  the  blood  is 
owing  to  the  iron  which  it  contains,  but  this  opinion  has  been 
rendered  extremely  questionable  by  the  experiments  of  Mr. 
Brande.  Berzelius,  indeed,  had  found  that  a  quantity  of  oxide 
of  iron  exists  in  the  ashes  of  the  colouring  matter ;  while  none, 
or  at  least  an  infinitely  small  portion,  is  afforded  by  the  other 
ingredients  of  blood.  He  cut  the  crassamentum  into  thin 
slices,  and  placed  them  on  blotting  paper;  and  after  this  had 
ceased  to  draw  out  any  moisture,  he  dried  the  slices.  Four 
hundred  grains  of  the  dried  substance  lef^  afler  incineration, 
5  grains  of  ashes,  which  were  composed  (supposing  100  to  have 
been  operated  on)  of 

Oxide  of  iron • 50.0 

Sub-phosphate  of  iron 7.5 

Phosphate  of  lime  with  a  small  quantity  of  magnesia   6.0 

Pure  lime 20.0 

Carbonic  acid  and  loss 16.5 

100. 

The  iron  in  the  colouring  matter  is  not,  Berzelius  admits,  in 
such  a  state,  as  to  be  capable  of  being  detected  by  the  nicest 
tests  of  that  metal,  until  the  composition  of  the  colouring 
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matter  is  destroyed  by  combustion.  Nor  is  there  any  trutb 
in  the  synthetic  proof  alleged  by  Fourcroy,  that  suhphosphaie 
of  iron  dissolves  in  albumen,  and  imparts  to  it  a  bright  red 
colour,  resembling  that  of  blood. 

To  procure  the  colouring  matter  of  blood  in  a  detached 
state»  Mr.  Brande  employed  venous  blood,  stirred  during  its 
coagulation.  The  fibrin  is  thus  removed;  and  the  colouring 
matter  is  diffused  through  the  serum,  from  which  it  gradually 
subsides  in  a  very  concentrated  form.  It  retains,  indeed,  some 
serum  ;  but  this  does  not  interfere  with  the  effects  of  various 
agents  upon  the  colouring  principle. 

The  aqueous  solution  has  a  bright  red  colour,  and  is  not 
very  prone  to  putrefaction.  It  is  not  altered  by  any  tempera- 
ture below  190°  or  200°  Fahr.;  but,  at  higher  temperatures, 
it  becomes  turbid,  and  deposits  a  pale  brown  sediment.  If 
the  fluid  be  poured  upon  a  filtre,  water  passes  through  colour- 
less; so  that  exposure  to  heat  destroys  the  solubility  of  colour- 
ing matter. 

Diluted  sulphuric  and  muriatic  acids,  and  acetic,  oxalic, 
citric,  and  tartaric  acids,  dissolve  the  colouring  matter,  and 
extract  it  from  the  crassamentum.  The  solution  has  more  or 
less  of  a  scarlet  hue,  according  to  the  acid  employed  ;  but  it 
is  always  green,  when  viewed,  in  narrow  tubes,  by  transmitted 
light.  Nitric  acid  destroys  the  red  colour,  and  converts  it  to 
a  brown. 

The  pure  and  carbonated  alkalis  dissolve  the  red  matter, 
the  colour  of  which  remains  unimpaired.  The  solution  in 
liquid  ammonia  approaches  nearest  to  scarlet.  When  these 
solutions  arc  supersaturated  with  muriatic  or  sulphuric  acids, 
the  liquid  acquires  a  colour,  similar  to  the  original  solution  of 
the  colouring  matter  by  those  acids. 

Alumina  cannot  be  brought  to  form  a  permanent  red  com- 
pound with  the  colouring  principle  of  the  blood.  But  when 
the  colouring  matter  is  left  to  stand  a  few  days,  in  contact  with 
a  solution  of  the  crystallized  muriate  of  tin,  a  bright  red 
powder  precipitates,  which  is  a  combination  of  the  colouring 
matter  with  oxide  of  tin.  When  kept  in  water,  it  sustains  no 
change  of  colour;  but  when  dried  by  exposure  to  air,  it  loses 
its  brilliant  tint,  and  assumes  a  dull  red  hue. 
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The  most  effectual  mordaunts,  which  Mr.  Brande  discovered 
for  the  colouring  matter,  are  solutions  of  mercury  (especially 
the  nitrate)  and  corrosive  sublimate.  When  either  of  those 
salts  was  added  to  a  watery  solution  of  the  colouring  matter, 
a  deep  red  compound  was  deposited,  and  the  liquid  became  co* 
lourless.  VVoollen  doth,  aiso^  first  impregnated  with  these  so- 
lutions, and  then  dipped  into  the  aqueous  solution  of  colouring 
matter,  acquired  a  ])erniancnt  red  dye,  unalterable  by  washing 
with  soap. 

It  appears^  therefore,  that  the  colouring  principle  of  the 
blood  is  an  animal  substance  of  a  peculiar  nature,  susceptible, 
like  the  colouring  matter  from  vegetables,  of  uniting  with 
bases,  and  admitting,  probably,  of  important  use  in  the  art 
of  dyeing.  On  examining  the  colouring  matter,  distinctly 
from  the  crassamentum,  Mr.  Brande  did  not  discover  a  greater 
proportion  of  iron,  than  in  the  other  principles  of  blood ;  and 
the  theory  may,  therefore,  be  considered  as  completely  set 
aside,  which  accounts  for  the  red  colour  of  the  blood  by  the 
presence  of  iron. 

The  conclusions  of  Mr.  Brande  have  been  lately  confirmed 
by  Vauquelin,  who  recommends  the  following  method  of  ob- 
taining, in  a  separate  form,  the  colouring  matter  of  the  blood. 

Let  the  coagulum  of  blood,  well  drained  upon  a  hair 
sieve,  be  digested  in  four  times  its  weight  of  sulphuric  acid 
diluted  with  a  double  proportion  of  water,  at  the  temperature 
oflGO^Fahr.,  for  five  or  six  hours.  Filter  the  liquor  while 
yet  hot,  and  wash  the  residuum  with  a  quantity  of  hot  water, 
equal  in  weight  to  the  acid  which  has  been  employed.  Con- 
centrate the  liquor  to  half  its  bulk;  then  add  pure  ammonia, 
till  there  remains  only  a  slight  excess  of  acid.  After  having 
agitated  the  liquor,  allow  it  to  stand,  and  a  purple  sediment 
will  be  deposited.  This  sediment  is  to  be  washed  with  distilled 
water,  till  the  washings  cease  to  precipitate  the  nitrate  of 
baryta.  It  may  then  be  drained  on  filtering  paper,  and  dried 
at  H  very  gentle  heat. 

When  dry,  it  is  destitute  of  taste  and  smell.  It  resembles 
jet  in  colour,  fracture,  and  lustre.  When  moistened  with 
water,  it  assumes  a  wine  red  colour,  but  does  not  dissolve  irt 
that  fluid.     In  acid  and  alkaline  liquids,  it  readily  dissolves, 
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and  communicates  to  them  a  purple  colour.  Its  acid  solu* 
tions  are  not  precipitated  by  gallic  acid  or  by  prussiate  of  po- 
tassa,  thus  proving  the  absence  of  iron.  Infusion  of  galls, 
however,  precipitates  it  without  any  change  of  colour.  It  is 
soluble  in  diluted  nitric  acid,  without  being  discoloured,  nor 
is  this  effect  produced  by  nitrate  of  silver;  but  it  is  completely 
discoloured  by  nitrate  of  lead,  which  throws  down  a  brown 
precipitate.* 

In  opposition  to  these  experiments,  it  is  still  miuntained  by 
Berzelius,  that  the  colouring  matter  of  the  blood  contains 
iron,  not  indeed  discoverable  by  re-agents,  but  decisively 
proved  to  exist  in  its  ashes.  In  every  respect,  except  in  con- 
taining that  metal,  the  colouring  matter  of  the  blood  agrees 
with  fibrine  and  albumen,  and  he  seems  disposed  to  believe 
that  its  colour,  though  not  depending  on  the  presence  merely 
of  an  oxide  of  iron,  may  be  produced  by  a  compound  of 
which  that  oxide  is  an  essential  part.f 

It  is  doubtless  on  the  red  globules  of  the  blood  that  the  dif- 
ferent gases  act,  which  produce  such  remarkable  changes  in 
the  colour  of  the  entire  fluid.  Nitrogen  gas  blackens  arterial 
blood,  and,  according  to  Girtanner,  venous  blood  also.  In 
an  experiment  of  Dr.  Priestley,  it  appeared  that  the  bulk  of  a 
quantity  of  nitrogen  gas,  to  which  arterial  blood  was  exposed, 
sustained  a  diminution.  Blood,  which  has  had  its  colour  thus 
impaired,  it  was  found  by  the  same  philosopher,  may  be  re- 
stored to  its  bright  florid  hue,  by  agitation  with  oxygen  gas; 
and  these  changes  may,  at  pleasure,  be  repeated  alternately. 
Oxygen  gas,  to  which  blood  is  exposed,  is  diminished  in 
volume,  and  contaminated  by  carbonic  acid.  Atmospheric  air 
undergoes  the  same  change  in  consequence  of  the  oxygen 
which  it  contains,  but  in  a  less  remarkable  degree. 

Similar  alterations  are,  also,  constantly  going  on  in  the 
blood,  during  its  circulation  through  the  living  body.  In  the 
veins  it  is  of  a  dark  red  colour,  inclining  to  purple.  In  this 
state  it  arrives  at  the  right  ventricle  of  the  heart,  by  the  con- 


•  Ann.  do  China,  et  Phys.  i.  9 ;  or  Thonnsou's  Annals,  viii.  S30. 
f  Ann.  do  Chim .  et  Phys.  v.  43. 
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traction  of  which  It  is  driven  into  the  piilmdnai^  artery.  This 
artery  is  distributed,  by  extremely  minute  ramification^,  over 
the  whole  surface  of  the  air-cells  of  the  lungs ;  and,  in  these, 
the  blood  is  exposed  to  the  action  of  atmospherical  air,  through 
the  slender  coats  of  the  blood  vessels.  Here  it  acquires  a 
bright  Vermillion  colour ;  and,  returning  to  the  left  ventricle 
of  the  heUrt  by  the  pulmonary  veins,  it  is  distributed,  by  the 
contraction  of  this  ventricle,  through  the  whole  body.  In  its 
course  it  loses  its  florid  colour,  and,  after  traversing  the  system, 
returns  to  the  lungs,  to  be  once  more  fitted  for  the  perform- 
ance of  its  functions. 

The  function  of  respiratiok  consists  of  two  distinct  actiolis, 
that  of  inspiration^  by  which  the  air  is  drawn  into  the  lungs; 
and  that  of  expiration^  by  which  it  is  expelled,  after  having 
served  the  purpose  for  which  it  was  inhaled.  By  an  easy 
natural  inspiration,  about  twenty  cubic  inches  may,  perhaps, 
on  an  average,  be  the  quantity  taken  in.  It  appears,  also, 
from  the  experiments  of  Messrs.  Allen  and  Pepys,*  that 
the  same  quantity  is  expired,  with  little  if  any  diminution. 
Atmospheric  air,  after  being  once  only  admitted  into  the  lungs, 
returns  charged  with  8  or  84^  per  cent,  of  carbonic  acid  gas.  If 
the  same  portion  be  breathed  repeatedly,  considerable  uneasi- 
ness is  experienced ;  but  the  quantity  of  carbonic  acid  cannot 
be  increased  beyond  10  per  cent.  The  proportion,  however, 
which  is  produced  by  the  same  individual,  is  liable  to  some 
variations,  which  have  been  described  by  Dr.  Prout.  (Anri. 
of  Phil,  xiii.269.)  When  the  state  of  the  expired  air  is 
examined  by  eudiometrical  tests,  a  quantity  of  oxygen  is 
found  to  have  disappeared,  equal  in  volume,  according  to  the 
experiments  of  the  same  accurate  chemists,  to  the  carbonic 
acid  which  has  been  formed.  Now  as  carbonic  acid  has  been 
proved  to  contain  exactly  its  own  bulk  of  oxygen  gas,  it  follows 
that  all  the  oxygen,  which  disappears  in  respiration,  must 
have  been  expended  in  forming  this  acid ;  and  that  no  portion 
of  it  has  united  with  hydrogen  to  form  water.  It  may  still, 
however,  be  doubted,  whether  tlie  oxygen  is  absorbed  through 
the  coats  of  the  vessels,  and  displaces  carbonic  acid,  which 

•  Philosopliical  Tramactioni,  180^. 
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may  be  supposed  to  have  pre-existed  in  the  blood ;  or  whether 
this  acid  be  not  rather  generated  by  the  union  of  the  inspired 
oxygen  with  the  carbon  of  that  fluid.  Of  the  two  suppositions, 
the  latter  appears  to  be  the  most  probable. 

The  only  change,  then,  that  has  been  satisfactorily  proved 
to  take  place  in  respired  atmospherical  air,  is  the  removal  of 
a  certain  quantity  of  oxygen  (its  nitrogen  being  wholly  un- 
touched), and  the  substitution  of  a  precisely  equal  volume  of 
carbonic  acid  gas.  When,  however,  pure  oxygen  gas  is  re- 
spired by  an  herbivorous  animal,  Messrs.  Allen  and  Pepys 
have  found  that  it  canno^  all  be  traced  into  this  combination ; 
but  that  a  portion  of  oxygen  has  disappeared,  and  has  been 
replaced  by  a  corresponding  quantity  of  nitrogen.*  The 
addition  of  nitrogen  appears  to  be  made  also,  when  a  mixture 
of  hydrogen  and  oxygen  gases  is  breathed,  in  which  the  latter 
is  in  the  same  proportion  as  in  atmospherical  air.  This  mix- 
ture, it  was  found,  may  be  respired  for  an  hour  without  incon- 
venience. The  substitution  of  nitrogen  for  the  oxygen  ori- 
ginally inhaled  is  a  fact  of  considerable  importance,  and  in 
the  present  state  of  our  knowledge  altogether  inexplicable. 

Besides  carbonic  acid,  a  portion  of  watery  vapour  is  emitted 
from  the  lungs,  and  in  a  quantity  sufficient  to  be  visible  when 
the  atmosphere  is  of  a  low  temperature.  From  various  ex- 
periments, it  may  be  inferred  to  amount  to  about  three  grains 
in  a  minute.  Until  lately  the  water,  thus  exhaled,  was  sup- 
posed to  be  generated  in  the  lungs,  by  the  union  of  the  in- 
spired oxygen  with  the  hydrogen  of  the  blood ;  but  this 
hypothesis  is  inconsistent  with  the  experimenU  of  Messrs. 
Allen  and  Pepys,  which  have  traced  the  whole  of  the  oxygen 
into  combination  with  carbon.  It  is  probably,  therefoi*e, 
nothing  more  than  the  condensed  vapour  of  a  portion  of  that 
fluid,  which  is  ordinarily  secreted  into  the  bronchial  cells. 

An  important  purpose  of  the  function  of  respiration  is,  that 
it  contributes  to  that  equable  temperature,  which  the  animal 
body  preserves,  amidst  all  the  changes  in  the  surrounding 
medium.  Tliis  is  peculiarly  the  property  of  living  matter ; 
for  all  other  bodies  have  the  same  degree  of  heat  with  the 

•  Philosophicfd  Transactions,  1809. 
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substances  that  arc  in  contact  with  them.  In  the  haman  body, 
the  temperature  varies  only  a  very  few  degrees  from  96°, 
whether  it  be  exposed  to  a  cold  of  many  degrees  below  the 
freezing  point ;  or  whether  it  be  surrounded  by  an  atmosphere, 
little  short  of  the  heat  of  boiling  water.  There  must,  then, 
be  certain  processes  in  the  animal  economy,  by  which,  in  the 
former  case,  caloric  is  reduced  from  a  latent  form  to  that  of 
temperature;  and,  in  the  latter  case^  by  which  the  great  ex- 
cess of  caloric  is  absorbed,  and  prevented  from  becoming  inju- 
rious by  its  accumulation. 

We  are  ignorant  of  those  precise  differences,  which  consti* 
tute  the  distinction  between  venous  and  arterial  blood,  or  in 
what  way  the  function  of  respiration  converts  the  former  into 
the  latter.  A  fact,  however,  of  considerable  importance,  oa 
this  subject,  has  been  discovered  by  Dr.  Crawford.  The 
capacity  of  arterial  blood  for  caloric  he  found  to  be  superior 
to  that  of  venous  blood,  in  the  proportion  of  1030  to  892. 
When,  therefore,  arterial  blood  is  converted  into  venous,  a 
considerable  quantity  of  caloric  must  pass  from  a  latent  to  a 
free  state,  and  must  prove  an  abundant  source  o£  tempe- 
rature. Now  this  is  precisely  what  is  constantly  taking  place 
in  the  body.  Caloric  is  evolved  by  the  combination  of  the 
inspired  oxygen  with  carbon ;  but  as  the  capacity  of  blood  for 
caloric  is,  at  the  same  time,  enlarged,  its  temfierature  is  not 
raised  by  being  thus  arterialized.  In  its  progress  through  the 
system,  the  blooci  again  suffers  a  diminution  of  capacity ;  and 
the  caloric,  which  it  had  carried  in  a  latent  form  to  the  re- 
motest extremities,  is  extricated,  and  applied  to  the  support 
of  animal  temperature.  This  theory  explains  why  the  heat 
is  not  excessive  in  the  lungs,  but  is  equally  distributed  over 
the  whole  body.  In  animals,  placed  in  a  high  temperature, 
Dr.  Crawford  has  added  the  important  fact,  that  the  change 
of  arterial  into  venous  blood  does  not  go  on ;  and  no  addition 
of  temperature  is,  therefore,  derived  from  this  source.  Ano- 
ther cause,  limiting  the  heat  of  the  body  under  such  circum- 
stances, is  the  excessive  evaporation  which  takes  place  from 
the  surface  of  the  skin,  and  which  is  indicated  by  a  loss  of 
weight  of  no  inconsiderable  amount* 

*  Nicholson's  Journal,  xvii.  ?15. 
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It  is  not  id  the  lungs  only  that  the  blood  exerts  an  action 
on  atmospherical  air ;  for  a  similar  function,  it  appears,  be^ 
longs  to  the  skin  throughout  the  whole  body.  If  the  hand 
be  confined  in  a  portion  of  atmospherical  air  or  oxygen  gas, 
it  has  been  ascertained  that  the  oxygen  disappears,  and  is 
replaced  by  a  portion  of  carbonic  acid.  At  the  same  time,  a 
considerable  quantity  of  watery  fluid  transpires,  and  may  be 
collected  by  a  proper  apparatus. 

The  blood  is  subservient  to  various  important  uses  in  the 
animal  economy.  It  is  a  source,  from  which  are  constantly 
prepared  a  variety  of  other  substances,  both  solid  and  fluid, 
that  are  essential  to  our  well  being,  and  even  to  our  existence. 
From  the  blood  is  derived  the  solid  matter  of  the  bones  them- 
selves ;  it  does  not,  however,  exist  in  the  blood  in  the  state 
of  sub-phosphate  of  lime  or  bone  earth ;  but  appears  to  be 
produced,  from  the  ultimate  elements  of  blood,  on  the  very 
spot  where  its  presence  is  required.*  The  muscles,  which 
are  aflixed  to  the  bones,  and  which,  acting  as  levers^  enable 
tis  to  change  our  situation  at  pleasure,  are  referrible  to  the 
same  source ;  and  so  also  is  all  the  variety  of  animal  fluids, 
which  perform  a  necessary  part  in  the  economy  of  this  com- 
plicated machine.  The  solids  and  fluids,  thus  produced,  are 
sometimes  elaborated  by  complicated  organs  called  glands, 
and  are  then  termed  secretiom.  A  sufficiently  exact  and  com- 
prehensive knowledge  of  the  business  of  secretion  would  have 
been  attained  if  we  were  able  to  discover,  in  the  secreted 
solids  or  fluids,  substances  analogous  to  those  which  are  found 
in  the  blood,  and  no  others.  But  in  many  secretions  we  find 
principles  bearing  no  resemblance  to  albumen,  fibrin,  or  any 
of  those  fluids  that  form  the  proximate  elements  of  the  blood. 
In  these  cases,  nature  must  have  gone  farther  in  the  work  of 
separation:  and,  after  disuniting  the  ultimate  principles  of 
the  blood,  have  re-combined  them  in  a  new  manner  and  in 
different  proportions.  This  is  a  species  of  synthesis,  which 
we  have  hitherto  not  been  able  to  imitate  in  substances  of  the 
animal  kingdom,  and  in  very  few  instances  even  in  vegetable 
products. 

*  Berzelius's  Animal  Chemistry,  p.  19. 
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SECTION  IL 

bf  the  Secretions  subservient  to  Digestion;  viz.  the  Saliva^  the 
Gastric  and  Pancreatic  Juices^  and  the  Bile. 

Saliva  is  a  liquid  secreted  by  certain  glands,  and  poured 
into  the  mouth,  for  the  purpose  of  being  mixed  with  the  food 
during  mastication.  It  is  a  slightly  viscid  liquor,  of  a  saltish 
taste,  destitute  of  smell,  and  of  a  white  colour,  or  with  a 
slight  tinge  of  blue.  Its  specific  gravity,  according  to  Haller, 
is  as  1960  to  1875,  or,  according  to  Siebold,  as  1080  to  1000. 
The  latter  author  has  compared  its  consistence  to  that  of  a 
solution  of  one  part  of  gum  in  forty  parts  of  water.  It  is 
neither  acid  nor  alkaline,  and  has  therefore  no  effect  on  blue 
vegetable  colours.  Its  quantity  varies  considerably.  Kuck 
has  estimated  it  at  eight  or  ten  ounces  daily ;  and,  during  a 
mercurial  salivation,  several  pints  flow  in  the  same  inter- 
val.* 

Saliva,  when  evaporated  by  a  gentle  heat  to  dryness,  yields 
only  a  very  small  proportion  of  dry  extract  in  thin  semi- 
transparent  plates :  if  the  process  be  stopped  when  about  a 
third  only  remains,  crystals  of  muriate  of  soda  are  formed* 
Exposed  to  the  air,  it  appears  to  absorb  oxygen,  and  becomes 
of  a  thicker  consistence,  whitish  flocculi  at  the  same  time 
separating  from  it. 

There  is  some  difficulty  in  effecting  the  diffusion  of  saliva 
through  water;  but  this  may  be  accomplished  by  rubbing  the 
two  fluids  together  in  a  mortar.  The  solution,  which  is  thus 
obtained,  was  subjected  to  the  action  of  tests  by  Dr.  Bostock.f 
Bichloride  of  mercury  produced  no  immediate  effect;  but, 
after  some  hours,  alight  flocculentcoagulum  separated,  leaving 
the  liquid  nearly  transparent.  The  same  test  produced  a  stiil 
less  striking  effect  in  the  filtered  portion  of  some  safiva,  which 
had  been  several  days  exposed  to  the  atmosphere.  Infusion 
of  galls  precipitated  white  flakes,  from  the  recent  but  not  from 
the  filtered  liquor.  The  filtered  fluid  was  copiously  precipi- 
tated by  Goulard's  extract,    and   by   nitro-muriate   of  tin. 

*  Foareroy,  S7st6ma,4to«  .v«  S68«       t  Niebolsoa's  Joornal,  xiir.  147. 
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From  these  experiments,  Dr.  Bostock  infersi  that  saliva  con- 
tains coagulated  aibuoien,  and  also  a  quantity  of  nmcus  and 
muriate  of  soda,  but  no  gelatine.  To  the  quantities  of  each| 
he  considers  the  following  as  an  approximation  : 

Water   80 

Coagulated  albumen 8 

Mucus  11 

Saline  substances 1 

100 

Berzelius  has  lately  published  a  more  exact  analysis  of 
saliva.*    Its  constituents  are 

Water 992.9 

A  peculiar  animal  matter 2.9 

Mucus • • . .  •       1 .4 

Alkaline  muriates 1.7 

Lactate  of  soda  and  animal  matter 0.9 

Pure  soda 0.2 

1000. 

When  exposed  to  the  agency  of  galvanic  electricity,  Mr. 
Brande  has  found  that  saliva,  even  after  being  first  boiled  in 
water,  gives  an  abundant  coagulation,  and  a  separation  of 
alkali  round  the  negative  pole,  though  neither  acids,  nor  any 
of  the  common  agents,  showed  the  presence  of  albumen. 
Hence  it  appears  that  this  substance  may  form  part  of  an 
animal  fluid,  and  yet  not  l)e  discoverable  by  the  common  tests. 
In  saliva  Mr.  Brande  supposes  that  it  is  united  with  an  alkali 
(probably  soda)  which,  in  this  state  of  combination,  loses  its 
property  of  affecting  vegeUible  colours.f 

The  GASTBic  JUiCB  is  a  fluid  which  is  poured  out  upon  the 
inner  surface  of  the  stomach,  and  is  possessed  of  very  extra- 
ordinary powers  as  a  solvent.  One  of  the  great  obstacles  to 
an  accurate  analysis  of  it  is  the  difficulty  of  procuring  it  suffi- 
ciently pure,  and  free  from  admixture  with  the  contents  of 


•  Thomson's  Annals,  iii,  3d.         f  Philosophical  Transactions,  1809. 
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the  stomacb.  It  has  been  generally  collected  from  animalsi 
which  have  been  kept,  for  some  time  before  being  killed, 
without  food.  In  this  state,  it  is  a  transparent  liquor,  having 
a  saline  and  somewhat  bitter  taste,  and  containing  neither  un«- 
combined  acid  nor  alkali.  It  precipitates  nitrate  of  silver; 
and,  when  evaporated,  gives  a  solid  residuum,  which  is  deli- 
quescent, and  has  an  unpleasant  smell.  By  the  action  of 
acids,  a  small  proportion  of  albumen  is  discovered  in  it,  and 
gelatine  or  mucus  remains  in  solution.  Vauquelin  always 
found  phosphoric  acid  in  the  gastric  juice  of  herbivorous 
animals,  whilst,  on  the  other  hand,  that  of  man  and  carnivo- 
rous animals  seldom  gave  any  visible  traces  of  free  acid  or  alkali. 
The  contents  of  the  stomach,  however,  during  the  process  of 
digestion,  are  almost  always  acid,  but  the  nature  of  the  acid  has 
not  been  clearly  ascertained.  It  is  evidently,  Dr.  Prout  ob- 
serves, a  volatile  acid,  because  its  effects  on  litmus  paper  dis- 
appear on  drying.     (Ann.  of  Phil.  xiii.  271.) 

Thislmperfect  account  of  theproperties  of  the  gastric  juice  af- 
fords, it  must  be  confessed,  no  explanation  of  the  solvent  power, 
which  it  exerts  on  all  animal  and  vegetable  substances.  Even 
out  of  the  body  it  appears,  from  the  experiments  of  Spallan- 
zani,  to  retard  the  putrefaction  of  animal  substances,  and  to 
reduce  them  to  a  state  somewhat  similar  to  tliat  in  which 
they  arc  found  after  having  been  some  time  in  the  stomach. 
On  substances  taken  into  that  organ  its  solvent  power  is  even 
still  more  remarkable.  In  Dr.  Stevens's  experiments,  hollow 
silver  spheres,  perforated  with  small  holes  and  containing 
animal  and  vegetable  food,  were  swallowed  by  a  man  who 
possessed  the  faculty  of  doing  this  without  injury,  and  with 
the  result  that  the  food  was  always  dissolved,  and  the  vessel 
voided  in  an  empty  state.  Afler  death,  it  appears  from  the 
observations  of  Mr.  Hunter,  that  the  stomach  itself  is  some- 
times eroded  by  the  gastric  juice,  large  holes  having  been 
found  in  it  from  the  action  of  that  fluid,  lliese  facts,  as  well 
as  die  power  of  the  gastric  juice  in  coagulating  milk,  which 
in  all  animals  appears  to  be  the  characteristic  property  of  the 
gastric  juice,  are  quite  inexplicable  on  any  known  chemical 
principle. 

The  contents  of  the  stomachs  of  animals  feeding  exclusively 
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on  Tegetable  food,  even  when  abont  to  pass  the  pyloruS)  atid 
apparently  fully  digested,  exhibit  no  traces  of  albumen.  This 
change,  Dr.  Prout  observes,  requires  the  action  of  the  pan- 
creatic and  biliary  fluids,  and  is  not  distinctly  visible  till  the 
food  has  passed  some  distance  iiito  th^  duodenum.  Digestion, 
th^efore,  though  begun  in  the  stomach,  b  only  Ittiperfectly 
performed  in  that  organ. 

The  PANCABATic  juics  has  not  been  examined  with  any 
attention.  The  only  observations  which  we  possess  respect- 
ing it,  are  those  of  Dr.  Fordyce.  JHe  found  it  to  be  a  colour- 
less liquid,  slightly  saline  to  the  taste.  By  evaporation,  mu- 
riate of  soda  was  obtained,  and  the  same  salt  was  indicated  also 
by  nitrate  of  silver.  Hence  we  may  conclude  it  to  be  analo- 
gous in  eotnposition  to  the  saliva. 

The  BiLB  is  one  of  those  fluids,  which  has  attracted  pecu- 
liarly the  notice  of  chemists,  and  which  is,  therefore,  better 
understood  than  most  others.  It  is  to  the  labours  of  Four- 
croy,  and  still  more  recently  of  Thenard,*  who  has  published 
two  memoirs  on  the  bile^  that  we  are  chiefly  indebted  for  our 
knowledge  of  its  composition. 

The  bile  of  the  ox,  from  the  greater  quantity  of  it  which 
may  be  procured,  has  been  mostly  the  subject  of  experiment. 
Its  colour  is  commonly  yellowish  green,  and  very  rarely  deep 
green.  When  mixed  with  syrup  of  violets  or  infusion  of 
turnsole,  it  produces  no  other  change  than  what  any  other 
liquid  of  the  same  colour  would  efiect.  Its  taste  Is  bitter  and 
at  the  same  time  sweetish,  and  excessively  nauseous.  Its 
smell  is  peculiar ;  and  something  like  that  of  melted  fat.  Its 
specific  gravity  is  1026 ;  its  consistence  variable,  from  that  of 
a  thin  mucilage  to  that  of  synovia.  Sometimes  it  is  limpid, 
and,  at  others,  contains  flocculi  of  a  yellow  matter,  which  may 
easily  be  separated  by  water. 

When  submitted  to  heat,  ox-bile  first  deposits  a  portion  of 
coagulated  matter,  and  yields  a  liquid,  which  has  the  peculiar 
Smelt  of  bile,  and  which  throws  down  a  white  precipitate  from 
acetate  of  lead.  The  solid  residuum  has  a  yellowish  green 
colour;  is  very  bitter;  somewhat  deliquescent;  and  entirely 


*  M^raoires  d'Arcueil;  vol.  i. 
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soluble  in  water  and  in  alcohol.  It  n^elts  at  a  moderate  beat, 
and  is  decomposed  by  a  Btill  stronger  one,  the  products  being 
more  oil,  and  less  carbonate  of  ammonia,  than  from  animal 
matters  in  general.  A  very  bulky  coal  containing  several 
neutral  salts  remains  in  the  retort.  The  salts  extracted  from 
this  coal,  taking  them  in  the  order  of  their  quantitiefis,  are 
muriate  of  soda,  phosphate  of  soda^  phosphate  of  lime,  and 
sulphate  of  soda.  Traces,  also,  are  discovered  of  oxide  of 
iron. 

The  uncombined  soda  in  bile  does  not  exceed  ^-^-^  its  weight ; 
and  as  this  very  minute  quantity  of  alkali  must  be  quite  in- 
capable of  dissolving  the  large  proportion  of  resin«  which 
exists  in  that  fluid,  Thenard  was  induced  to  turn  his  attention 
to  the  discovery  of  some  other  solvent  of  resin,  existing  as  a 
component  of  bile.  Acetate  of  lead  (the  common  sugar  of 
lead  of  commerce)  precipitates,  he  found,  not  only  the  resin, 
but  the  peculiar  substance  of  which  he  was  in  search,  in  union 
with  oxide  of  lead.  But  an  acetate  with  a  larger  proportion 
of  base  (formed  from  eight  parts  of  sugar  of  lead  and  one  of 
litharge)  produced  a  different  effect;  and  precipitated  only 
the  albumen  and  the  resin.  When  the  remaining  liquid  was 
filtered,  and  the  lead  separated  by  sulphureted  hydrogen  gas, 
it  gave,  on  evapot*ation,  a  residue  having  less  bitterness  and 
considerably  sweeter.  In  this  state,  the  solvent  of  the  resin 
could  not  be  considered  as  pure,  since  it  retained  in  solution 
a  quantity  of  acetate  of  soda,  arising  from  the  decomposition, 
by  the  acetate  of  lead,  of  the  salts  of  soda  existing  in  the 
bile.  He  again,  therefore,  precipitated  the  solution  by  ace- 
tate of  lead  saturated  with  oxid,e,  and  obtained  an  insoluble 
compound  of  the  peculiar  matter  and  oxide  of  lead.  This 
was  dissolved  in  vinegar,  (he  oxide  of  lead  separated  by  suU 
phureted  hydrogen,  and  the  acid  expelled  by  evaporation. 

This  substance,  to  which  Thenard  has  given  the  name  of 
picromel,  possesses  the  property  of  rendering  the  resin  of  bile 
easily  soluble  in  water.  Three  parts  are  sufficient  to  one  of 
the  resin.  The  characters  of  picromel  are,  that  it  is  insoluble 
in  water  and  alcohol,  and  incapable  of  being  crystallized ; 
that  it  precipitates  nitrate  of  mercury  and  acetate  of  lead  with 
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excess  of  oxide;  and  that  it  forms,  with  resin  and  a  minute 
quantity  of  soda,  a  triple  compound,  which  is  not  decom- 
posable by  acids,  nor  by  alkaline  or  earthy  salts.  Che  vail  icr 
has  shown  that  it  exists  in  human  bile  taken  from  the  gall 
bladder  after  death,  but  he  could  not  detect  it  in  bile  dis- 
charged by  vomiting.  (Ann.  de  Chim.  et  Phys.  ix.  400.) 
It  has  been  analyzed  by  Dr.  Thomson,  who  obtained  products 
indicating  5  atoms  of  carbon  +  S  of  oxygen  -f-  1  of  hydrogen. 
(Ann.  of  Phil.  xiv.  70.) 

The  resin  is  to  be  considered  as  the  cause  of  the  smell,  and, 
in  great  part,  of  the  colour  and  taste  of  the  bile.  It  is  solid ; 
very  bitter ;  and,  when  pure,  green,  but  when  melted  it  passes 
to  yellow.  It  is  soluble  in  alcohol  and  in  pure  alkalis,  and 
is  precipitable  from  the  former  by  water,  and  from  the  latter 
by  acids. 

The  yellow  matter  appears  to  be  peculiar  to  the  bile,  and 
to  possess  characters  distinct  from  those  of  other  animal  sub- 
stances. Its  presence  seems  to  render  the  bile  putrescent; 
and  it  is,  also,  the  source  of  the  concretions,  which  form  in 
the  gall-bladders  of  oxen.  Insoluble  by  itself,  it  becomes 
soluble  by  the  intervention  of  soda,  resin,  and  picromel;  and, 
whatever  be  the  solvent,  it  is  precipitated  by  acids. — In  the 
analysis  of  bile,  the  first  step  was  to  separate  this  yellow 
matter,  by  adding  nitric  acid,  and  to  free  it  from  the  portion 
of  resin  which  adheres  to  it.  Into  the  remainder,  acetate  of 
lead  with  excess  of  oxide  (prepared  as  already  directed)  was 
.  poured,  and  an  insoluble  compound  was  formed,  consisting 
of  oxide  of  lead  and  resin,  from  which  nitric  acid  detached 
the  latter  in  the  state  of  soft  green  flakes.  Snlphuretcd  hy- 
drogen was  then  passed  through  the  liquid,  which  was  sepa- 
rated by  filtration  from  the  precipiute  and  evaporated  to 
dryness.  Deducting,  from  its  weight,  that  of  the  acetete  of 
soda  formed  by  the  decomposition  of  acetate  of  leftd,  the 
weight  of  picromel  was  obtained.  The  saline  substances  were 
determined  by  calcination,  lixiviation,  and  other  common  pro- 
cesses. 

In  this  way,  the  composition  of  ox-bile  was  determined  as 
follows : 
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Water 700    or  a  Utile  more 

llesiD 24 

Picromel 60.5 

Yellow  matter variable — in  this  case  4, 

Soda 4 

Phosphate  of  soda 2 

Muriate  of  soda 3.2 

Sulphate  of  soda 0.8 

Phosphate  of  lime  ......       1.2 

Oxide  of  iron •.••......  a  trace. 

800. 

The  bile  of  the  dog,  the  sheep,  the  cat,  and  the  calf,  was 
found  on  analysis  to  be  precisely  similar  to  that  of  the  ox. 
The  bile  of  the  pig^  on  the  contrary,  contained  neither  al- 
bumen, yellow  matter,  nor  picromel.  It  consisted  merely  of 
resin  in  great  quantity,  of  soda,  and  of  salts,  the  nature  of 
which  has  not  yet  been  ascertained.  It  was  entirely  decom- 
]K>sed  by  acids,  and  even  by  the  weakest,  the  acetic. 

Berzelius  denies  the  presence  of  resin  in  bile,*  and  asserts 
that  it  is  not  possible  to  repent  the  analysis  of  that  fluid,  by 
die  processes  which  Thennrd  has  described.  The  substance, 
be  alleges,  which,  in  bile,  resembles  resin,  is  precipitable  by 
acids;  and  the  precipitate  is  a  compound  of  the  acid  em- 
ployed with  the  green  colouring  matter  of  bile.  When  we 
use  sulphuric  acid  with  heat,  a  green  liquid  is  obtained  re- 
sembling a  resin ;  and  after  saturating  the  acid  with  carbo- 
nate of  baryta,  the  green  matter  is  soluble  in  water,  to  which 
it  imparts  its  own  colour  and  bitterness.  This  is  the  cha- 
racteristic ingredient  of  bile,  which  Berzelius  calls  biliary 
matter.     He  finds  bile  composed  of 

Water 907.4 

Biliary  matter 80.0 

Mucus  of  the  gall  bladder 3.0 

Alkalis  and  salts  common  to  all  animal  fluids      9.6 


1000. 
The  bile  of  birds  contains  a  large  quantity  of  albuminous 

*T1  Ann.  d«  Chim.  990. 
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matter.  The  picromel,  which  is  extracted  from  it,  is  not 
sensibly  sweet ;  but  on  the  contrary  has  a  sharp  and  bitter 
taste.  It  contains  a  mere  trace  of  soda,  and  does  not  pre- 
cipitate tlie  super-acetate  of  lead. 

Human  bile  was,  also,  an  object  of  Thenard's  researches; 
and  his  experiments,  he  is  of  opinion,  have  led  him  to 
as  accurate  a  knowledge  of  it,   as  of  any  other  species. — 

Its  colour  varies  considerably ;  sometimes  it  is  green,  al- 
most always  brownish  yellow,  and  sometimes  it  is  without 
colour.  Its  taste  is  not  very  bitter.  It  is  seldom  perfectly 
limpid;  for  it  generally  holds  suspended  in  it  a  certain  quan- 
tity of  yellow  matter,  which  is  sometimes  even  present  in 
such  quantity,  as  to  render  the  bile  clotted.  When  it  is  fil- 
tered, and  submitted  to  a  boiling  heat,  it  becomes  thick  and 
emits  the  smdl  of  white  of  egg.  Evaporated  to  dryness,  it 
afibrds  an  extract,  which  is  equal  to  iipth  the  weight  of  the 
bile.  This  extract,  by  calcination,  affords  precisely  the  same 
salts  as  are  found  in  ox-bile,  viz.  uncombined  soda ;  muriate, 
sulphate,  and  phosphate  of  soda;  phosphate  of  lime;  and 
oxide  of  iron. 

All  the  acids  decompose  human  bile,  and  precipitate  from 
it  a  large  quantity  of  albumen  and  of  resin.  These  may  be 
separated  from  each  other  by  alcohol.  By  the  application  cf 
acetate  of  lead,  no  picromel  can  be  discovered ;  nor  is  any 
other  ingredient  found  in  human  bile  than  yellow  matter,  al- 
bumen, resin,  and  saline  substances.  The  proportions,  as- 
certained by  Thenard,  are  the  following : 

Water 1000* 

Yellow  matter,  insoluble  and  floating  in  the! 

bile,  a  variable  quantity  from  2  to j 

Yellow  matter  in  solution , a  trace. 

Albumen i 42 

Resin 41 

Soda 5.6 

Phosphates  of  soda  and  lime,. sulphate  and  ? 

muriate  of  soda,  and  oxide  of  iron i 

1100. 
These  are  the  oumbere  p?en  bj  Tbeniurd  (M^moires  d'Arcueil,  i.  57); 
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The  yellow  matter  appears  to  be,  in  every  respect,  similar 
to  that  of  ox-bile.  The  resin  is  yellowish;  very  fusible;  very 
bitter,  but  less  so  than  that  of  ox-bile;  soluble  in  alcohol, 
from  which  it  is  precipitated  by  water ;  and  soluble  in  alkalis, 
from  which  it  is  thrown  down  by  acids.  In  water  it  appears 
scarcely  to  dissolve;  and  yet  sulphuric  and  nitric  acids  occ»* 
sion  a  precipitate  from  water  which  has  been  digested  on  it* 

If  bile  be  submitted  to  the  action  of  galvanism,  Mr.  Brande 
has  found  that  coagulation  takes  place  at  the  negative  pole^ 
where  soda  also  appears.  At  the  positive  pole^  muriatic  and 
phosphoric  acids  are  evolved. 

The  substance  of  the  liver  of  the  ox  has  been  analyzed  by 
Braconnot,  but  as  there  is  nothing  particularly  important  in 
the  results,  I  content  myself  with  referring  to  them.  (Quar* 
terly  Journal,  viL  388.) 

Biliary  calculi.  The  composition  of  biliary  concretions 
differs  in  different  animals.  Those  of  the  ox  contain  traces 
of  bile,  which  is  removable  by  the  action  of  water,  after 
which  they  are  entirely  destitute  of  taste  and  smell.  Their 
colour  is  a  yellow  of  so  much  beauty  as  to  render  them  a  va- 
luable pigment.  They  undergo  no  change  at  a  heat  below 
redness ;  but  at  this  temperature  they  melt  and  swell,  and 
after  yielding  the  usual  animal  products,  give  about  one-sixth 
their  weight  of  a  white  matter  which  is  phosphate  of  lime. 
They  are  nearly  insoluble  both  in  water  and  in  alcohol;  and 
with  some  difficulty  in  alkalis,  from  which  they^re  preci- 
pitated, in  green  flocculi,  by  acids.  Boiling  muriatic  acid 
takes  up  only  a  small  quantity,  and  renders  them  green. 
Hence  they  appear  to  be  homogeneous ;  and  to  possess  pro- 
perties identical  with  those  of  the  yellow  matter  of  the  bile  of 
oxen,  and  of  human  bile. 

The  calculi  of  the  human  gall-bladder  have  been  more  at- 
tentively examined  than  those  of  the  ox.  It  had  been  long 
known  that  they  enter  into  fusion  at  a  low  temperature^  and 
that  the  alkalis,  and  the  fixed  and  volatile  oils,  efiect  their  so- 
lution.    One  of  their  distinctive  characters  was  first  pointed 

but  as  tbeir  sara  exMeds  1100,  it  is  probable  that  the  error  wiH  best  be  cor- 
rected by  reducing  the  proportion  of  water. 
VOL.  JI.  2  E 
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out  by  Poulletier  de  la  Salle,  viz.  that  of  being  soluble  in 
boiling  alcohol,  and  precipiuble,  on  cooling,  in  the  form  of 
shining  scales.  Fourcroy  afterwards  discovered  several  im- 
portant facts  respecting  them,  and  especially  their  resemblance 
to  Uie  substance  which  has  been  already  described  under  the 
name  of  adipccire. 

Of  the  calculi  examined  by  Thenard,  only  a  small  number 
were  formed  of  white  plates,  crystalline  and  shining,  and  en- 
tirely adipocirous.  Many  consisted  of  yellow  laminse  con-  . 
taining  from  88  to  94*  per  cent,  of  adipocire,  and  six  or  twelve 
of  a  colouring  substance.  A  few  were  greenish  on  the  out- 
side, and  yellow  in  the  interior ;  several  were  covered,  in 
spots  at  least,  with  a  blackish  brown  crust,  containing  very 
little  adipocire,  but  internally  were  like  the  rest.  In  all,  ex- 
cepting the  perfectly  white,  there  were  traces  of  bile,  discovera- 
ble by  the  action  of  water, — Calculi  from  the  intestines  were 
found  to  be  similar  to  those  of  the  gall-bladder. 

It  was,  therefore,  concluded  by  Fourcroy,  that  some  of  the 
calculi  of  the  human  gall-bladder  consist  entirely  of  adipocire ; 
and  that  others  are  composed  of  the  same  substance,  with  the 
addition  of  a  quantity  of  colouring  matter,  which  is  eitlier 
yellowish  or  dark  brown.  When  of  the  former  colour,  it 
appears  not  to  differ  from  the  yellow  matter  of  the  bile ;  and 
when  of  the  latter,  to  be  the  same  substance  with  an  excess  of 
carbon. 

Chevreul,  however,  has  given  to  the  crystalline  matter  of 
biliary  caiculi,  the  name  of  choksterinei  because  it  differs  both 
from  spermaceti  and  from  adipocire  in  not  being  capable  of 
affording  a  sonp  with  alkalis.  lie  has  found,  also,  that  when 
heated  with  an  equal  weight  of  strong  nitric  acid,  a  peculiar 
acid  is  formed,  which  he  terms  the  cholesieric.  This  acid  se- 
parates on  cooling  in  the  form  of  a  yellow  substance.  It  is 
scarcely  soluble  in  water,  but  dissolves  in  alcohol,  and  may 
be  crystallized  by  evaporation.  The  salts,  which  it  forms 
with  potassa,  soda,  and  ammonia,  are  very  soluble;  with 
other  bases  it  gives  compounds  which  are  difficultly  soluble. 
By  a  heat  above  that  of  boiling  water,  it  is  decomposed.* 

•  Ann.  de  Chim.  et  Phys.  vi.  401. 
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SECTION  HI. 

Of  Milk,  Eggsj  and  Chyle. 

The  milk  is  a  fluid,  which  is  secreted,  by  animals  of  the 
class  Mammalia^  for  the  nourishment  of  their  young.  Though 
differing  considerably  in  the  different  species  of  animals,  yet 
it  admits  of  the  following  general  description : 

It  is  an  opaque  liquid,  of  a  white  colour,  with  sometimes  a 
slight  tinge  of  blue  or  yellow.  Its  taste  is  sweetish  and  grate- 
ful ;  but  varies  occasionally,  as  does  its  colour  also,  with  the 
food  of  the  animal.  Its  specific  gravity  is  variable ;  that  of 
cows'  milk,  according  to  Brisson,  being  about  1020,  and  that 
of  ewes'  milk  1040. 

The  milk  may  be  resolved,  partly  by  standing,  and  partly 
by  agents  that  .do  not  essentially  alter  the  nature  of  its  com- 
ponents, into  three  proximate  ingredients,  the  cream,  curd, 
and  whey. 

I.  The  cream  rises,  as  is  well  known,  to  the  surface  of 
milk  after  it  has  stood  for  some  hours ;  and  the  proportion 
may  be  ascertained  by  a  very  simple  instrument,  proposed  by 
Mr.  Johnson.  It  consists  of  a  glass  tube,  10  inches  long, 
graduated  into  100  equal  parts,  into  which  the  recent  milk  is 
to  be  put,  for  spontaneous  separation  of  the  cream.*  Cream 
has  many  of  the  properties  of  an  oil ;  is  smooth  and  unctuous 
to  the  touch ;  and  stains  cloth  in  the  same  manner  as  other 
fat  substances.  By  standing  for  some  days,  it  becomes  gra- 
dually thicker,  and  at  length  forms  a  soft  solid,  in  which  the 
flavour  of  cream  is  no  longer  perceived,  and  that  of  cheese  is 
substituted  in  its  place.  Cream,  of  the  specific  gravity  1 .0244, 
is  composed,  according  to  Bei*zeliu8,  of 

Butter 4.£; 

Cheese   3.5 

Whey 92.0 

100. 


*  Thomson's  Animls,  x.  804. 
2  E  2 
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Bat  as  92  parts  of  whey  contain  4.4*  of  sugar  of  milk  and 
salts,  it  follows  that  cream  contains  12.5  per  cent,  of  solid 
matter. 

When  cream  is  agitated,  as  is  done  by  the  common  process 
of  churning,  it  separates  into  two  parts^  a  thick  animal  oil, 
well  known  by  the  name  of  butter,  and  a  fluid  which  possesses 
exactly  the  same  properties  as  milk  that  has  been  deprived  of 
its  cream.  This  change  has  been  supposed  to  be  owing  to 
the  combination  of  the  cream  with  the  oxygen  of  the  atmor 
sphere ;  but  it  takes  place,  though  perhaps  not  equally  well,  in 
vessels  from  which  the  air  is  excluded. 

Butter  has  generally  a  yellow  colour  and  a  soft  consistence. 
At  the  temperature  of  96®  or  98®,  it  melts,  and  when  kept 
in  this  state  for  some  time^  a  portion  both  of  whey  and  curd 
separates  from  it.  Its  transparency  is  thus  increased,  but  its 
taste,  at  the  same  time,  rendered  less  agreeable.  In  this  state, 
however,  it  may  be  kept  longer  without  becoming  rancid  ;  and 
it  is  not  improbable  that  it  is  in  part  by  combination  with  the 
whey,  that  salt  contributes  to  the  preservation  of  butter. 
Butter,  therefore,  may  be  considered  as  an  animal  oil,  united 
with  a  portion  of  whey  and  of  curd. 

When  milk,  either  deprived  or  not  of  its  cream,  is  mixed 
with  certain  substances,  or  even  allowed  to  stand  till  it  be- 
comes sour,  it  undergoes  a  change  which  is  called  coagula- 
tion, consisting  in  its  separation  into  a  solid  substance  termed 
curd,  and  a  fluid  called  whey.  This  change  may  be  efiected 
by  several  agents;  by  all  acids,  and  by  many  neutral  salts; 
by  gum,  sugar,  and  certain  vegetable  juices ;  by  the  gastric 
fluid;  and  especially  by  the  infusion  of  the  inner  coat  of  a 
calf's  stomach  called  rennet.  The  precipitation  by  acids, 
Scheelc  has  explained,  by  supposing  that  they  forip,  with  the 
curd,  a  combination  which  requires  more  water  for  solution 
than  milk  contains;*  and  accordingly  the  curd  is  found  al- 
ways to  contain  a  portion  of  that  acid  by  which  coagulation 
has  been  produced.  But,  in  other  cases,  the  coagulation 
cannot  be  thus  accounted  for ;  and  is,  indeed,  altogether  in- 
explicable.    Thus  the  infusion  of  a  piece  of  calf's  stomach, 

•  Ess»,v»,  p.  JJ67. 
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n(yt  larger  than  half  a  crowii>  coagulates  t,  quantity  of  milk 
sufficient  for  making  a  cheese  of  sixty  pounds'  weighty  *  al^^ 
though  the  quantity  of  Coagulating  matter  cannot  in  this  case 
exceed  a  few  grains. 

Hie  curd  of  milk,  When  pressed,  salted^  and  partly  dried, 
composes  cheese.  In  good  cheese,  however,  there  is  always 
a  large  proportion  of  butter,  which  is  enveloped  in  the  curd, 
and  is  not  afterwards  easily  separaUe.  Cntd,  therefore^  foi^ 
exhibiting  its  chemical  properties,  should  be  prepared  from 
milk,  which  has  been  deprived  of  cream,  and  should  be  made 
by  the  intervention  of  rennet.  It  is  a  white  solid  substance, 
insoluble  in  water  and  in  alcohol,  but  readily  soluble  in  pure 
alkalis,  and  precipitable  therefrom  by  acids,  though  ill  a  state 
more  like  tallow  than  the  original  curd.  During  solution  in 
alkalis,  a  strong  smell  of  ammonia  is  produced ;  and  hence 
curd  Spears  to  be  converted,  by  their  action,  into  vdatile 
alkali  and  fat.  Liquid  ammonia  also  dissolves  curd,  and  it 
appears  to  be  soluble  by  the  pure  alkaline  earths.  From  the 
resemblance  of  its  properties  to  those  of  the  coagulated  white 
of  an  egg,  Scheele  was  induced  to  regard  cheese  as  identical 
with  albumen ;  and  it  is  not  improbable  that  if  the  curd  could 
be  obtained  perfectly  pure,  their  properties  would  exactly 
agree.  By  the  combustion  and  calcination  of  curd,  it  appears, 
however, 'to  afford  a  larger  proportion  of  phosphate  of  lime 
and  other  saline  substances,  than  is  obtained  from  the  coagu- 
lated white  of  an  egg. 

Berzelius  found  that  the  ashes,  obtained  by  incinefating 
cheese,  amount  to  6.5  per  cent,  of  its  weight.  The  ash  con- 
sists chiefly  of  earthy  phosphates,  with  a  little, pore  lime; 
but  contains  neither  alkali  nor  oxide  of  iron.  Cheese,  di- 
gested with  muriatic  acid,  loses  its  earthy  phosphates,  and 
afterwards  bums  away  without  leaving  any  ash.  The  presence 
of  so  large  a  quantity  of  the  earthy  phosphates,  in  the  most  nu- 
tritious puTi  of  milk,  may  be  regarded,  Berzelius  justly  ob- 
serves, as  a  wise  provision  of  nature ;  and  peculiarly  adapts 
milk  to  the  nutrition  of  young  animals,  in  whose  economy 

*  Holland's  Cheshire  Report,  p.  268. 
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there  exists  the  greatest  demand  for  the  earthy  phosphates, 
for  the  purpose  of  ossification. 

Cheese  is  generally  considered  as  insoluble  in  water ;  but 
if  it  be  precipitated  from  milk  by  sulphuric  acid,  then  well 
pressed,  and  digested  with  carbonate  of  baryta,  cheese  afibrds 
with  water  a  yellowish  solution  resembling  a  solution  of  gum* 
The  solution  boiled  in  an  open  vessel  becomes  covered  with  a 
white  pellicle,  precisely  as  milk  does,  and  acquires  the  smell  of 
boiled  milk. 

Cheese  produces,  with  the  mineral  acids,  the  same  combi- 
nations as  albumen  and  fibrin,  though  its  neutral  compounds 
are  less  soluble  than  those  of  fibrin.  A  great  excess  of  acetic 
acid  is  required  to  dissolve  cheese,  and  the  neutral  compound 
formed  with  this  acid  appears  to  be  insoluble.  When  it  has 
not  been  completely  separated  from  butter,  this  floats  upon 
the  surface  of  its  solution  in  acetic  acid.  Alcohol  converts 
cheese  into  an  adipocirous  and  fcetid  substance. 

In  addition  to  the  substances  before  found  in  cheese,  Proust 
has  discovered  two  new  ones,  viz.  a  combustible  acid  and  a 
combustible  oxide,  both  of  which  he  believes  to  be  the  pro* 
duce  of  the  fermentation  of  the  curd.  They  may  be  obtained 
as  follows.: — The  curd  of  milk  is  to  be  kept  several  days  under 
water,  and  then  put  into  a  bottle  containing  water  enough  to 
cover  it  a  few  inches,  the  mouth  being  closed  by  a  small  plate 
of  glass.  No  gas  is  evolved  ;  but  acetic,  phosphoric,  and 
caseic  acids  are  produced,  all  saturated  with  ammonia,  which 
is  generated  at  the  same  time.  The  fluid  may  be  withdrawn, 
and  replaced  by  fresh  water,  when  the  same  changes  will  go 
on  as  befoi-e.  lliese  washings,  evaporated  in  a  silver  basin 
and  left  to  stand  a  few  days,  solidify  into  a  saline  mass  slightly 
transparent,  and  tasting  strongly  of  cheese.  The  three  salts 
already  mentioned  are  to  be  dissolved  by  alcohol,  and  the  so- 
lution boiled  with  carbonate  of  lead.  The  phosphoric  acid, 
forming  an  insoluble  salt,  is  thus  separated  ;  and  the  mixture 
of  caseate  and  acetate  of  lead  is  to  be  decomposed  by  sulphu- 
reted  hydrogen.  The  two  acids  remaining  in  solution  are 
separated  from  each  other  by  distillation,  the  acetic  only 
being  volatile. 
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Casek  acid  is  of  the  colour  and  consistence  of  syrup ;  red- 
dens litmus  paper ;  and  has  an  acid  bitter  taste  mixed  with 
ihat  of  cheese.  It  concretes^  on  standings  into  a  granular 
transparent  mass  like  honey.  It  does  not  afiect  lime  water, 
muriate  of  tin,  or  acetate  of  lead.  It  precipitates  the  oxides  of 
silver,  gold,  and  mercury,  but  not  the  oxides  of  metals  that 
more  strongly  attract  oxygen.  With  infusion  of  galls,  it  pro- 
duces a  thick  white  precipitate.  Nitric  acid  converts  it  into 
oxalic  acid,  forming  at  the  same  time  a  little  benzoic  acid  and 
some  of  the  yellow  bitter  principle. 

Caseate  of  ammonia  hasashai*p  saline  bitter  taste  mixed  with 
that  of  cheese,  to  which  indeed  it  appears  chiefly  to  commu- 
nicate flavour.  It  always  contains  an  excess  of  acidt  and  is 
not  crystallizable. 

The  caseous  oxide  remains  after  the  action  of  alcohol  on  the 
saline  mass  before  describeil,  constituting  a  bulky  white  pow- 
der. It  is  to  be  purified  by  washing  with  water  till  deprived 
of  all  cheesy  taste ;  and  afterwards  by  boiling  in  water,  filtering, 
and  evaporation,  during  which  the  oxide  Ibrms  films  on  the 
surface,  which  are  to  be  separated,  washed,  and  dried.  It  is 
almost  tasteless,  soft  to  the  touch,  crumbles  under  the  fingers, 
and  when  pressed  hard  has  a  peculiar  greasy  feel.  It  begins  to 
dissolve  in  water  at  110°.  Hot  alcohol  dissolves  very  little^ 
and  it  separates  on  cooling  in  crystalline  grains.  It  is  insolu- 
ble in  ether,  but  disappears  rapidly  in  liquid  potassa. 

Caseous  oxide  occurs  frequently  in  cheese  in  detached  points, 
and  forms  those  small  particles  which  afiect  the  teeth  like  an 
earthy  and  dry  substance.  The  oxide  and  caseate  of  ammo- 
nia together  constitute  from  30  to  35  per  cent,  of  good  cheese. 
(Quarterly  Journ.  vii.  891.) 

The  whey,  or  liquid  which  remains  after  the  separation  of 
all  the  curd,  is  a  thin  and  almost  transparent  fluid,  of  a 
yellowish  green  colour  and  a  pleasant  sweetish  taste.  It  still 
contains,  generally,  a  portion  both  of  curd  and  of  butter ; 
the  former  of  which  may  be  separated  by  a  boiling  heat,  in 
the  form  of  a  coaguluni.  The  buttery  matter,  also,  separates 
by  heat,  especially  if  the  whey  be  previously  allowed  to  be- 
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come  sour.*  Whey  contains,  indeed,  in  its  recent  slate,  some 
tincoihbined  acetic  acid. 

When  whey  which  has  been  deprived,  as  much  as  possible, 
of  tlie  butter  and  curd,  is  slowly  evaporated,  it  yields  the 
substance,  already  described  under  the  name  of  sugbr  of  milk. 
Besides  this  substance,  it  contains,  also,  several  saline  bodies, 
viz,  muriate  of  potassa,  phosphates  of  lime  and  of  iron,  and 
sulphate  of  potassa  ;  and  a  peculiar  animal  matter,  which  gives 
a  precipitate  with  infusion  of  galls,  and  affords  carbonate  of 
ammonia  by  distillation.  Sour  whey  contains  also  a  peculiar 
acid  called  the  lactic. 

From  this  account  of  the  composition  of  milk,  several  pro- 
perties of  the  entire  fluid  may  be  understood.  When  fresh 
milk  is  boiled,  its  albuminous  part  is  not  coagulated  into  a 
mass  like  the  white  of  an  egg,  on  accouht  of  the  large  quan- 
tity of  water  through  which  it  is  diffused ;  but  a  thin  pellicle 
forms  on  the  surface,  which,  if  removed,  is  immediately  re- 
placed by  another ;  and  thus  the  whole  of  the  albumen  may 
be  separated  in  successive  portions.  If  the  pellicle  fall  to  the 
bottom,  it  becomes  burnt,  and  gives  the  milk  a  peculiar 
flavour. 

In  order  to  procure  butter  from  milk,  it  is  not  necessary, 
in  the  first  place,  to  separate  the  cream;  for  butter  may  be 
obtained  at  once  by  the  churning  of  milk,  and  has  then  the 
name  of  milk-butter.  It  is  inferior,  however,  to  butter  made 
from  cream,  in  consequence  of  its  containing  a  larger  pro- 
portion both  of  whey  and  of  curd. 

Milk  is  susceptible  of  the  vinous  fermentation,  and  is  em- 
ployed, by  the  Tartars,  in  making  a  sort  of  wine,  which  they 
call  Koumiss.^  It  is  prepared  chiefly  from  mares'  milk,  and 
has  an  agreeable  sweetish  taste.  By  distillation,  it  yields  a 
considek-able  quantity  of  alcohol.  What  is  most  remarkable 
with  respect  to  this  fermented  liquor,  is  that  it  does  not  appear 
to  owe  its  origin  to  the  saccharine  part  of  the  fluid;  for  Four- 
croy  and  Vauquelin  have  found  that  milk,  after  fermentation, 
yields  as  much  sugar  of  milk  as  before. 

•  Cheshire  Report,  page  26«.  f  $7  Phil.  Mag.  6. 
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There  appears  to  be  a  considerable  difference  in  the  quality 
of  the  milk  of  different  animals.  -  Human  milk  is  sweeter 
than  that  of  cows ;  and  yields  a  larger  proportion  of  cream ; 
but  from  this  the  butter  cannot  be  separated  by  agitation.  It 
deposits,  also,  a  part  of  its  curd  by  mere  repose.  Asses' 
milk  bears  a  stronger  resemblance  to  human  milk  than  to  any 
other.  The  cream  is  but  in  small  quantity,  and  yields  a  soft, 
white,  and  nearly  tasteless  butter.  Tiie  curd  is  sd  abundant, 
as  even  to  separate  on  standing,  before  the  milk  becomes  sour. 
Ooat^s  milk  yields  a  remarkably  thick  and  unctitous  cream, 
and  abounds  also  in  curd.  The  milk  of  sheep  bears  a  strong 
resemblance  to  that  of  cows,  and  yields  a  large  proportion  of 
curd  of  a  fat  and  unctuous  kind.  Mares'  milk  is  thin,  in- 
sipid, and  afibrds  very  little  cream,  from  which  it  is  very 
difficult  to  separate  any  butter  by  agitation. 

The  constituents  of  skimmed  cows'  milk  are  stated  by  Ber« 
zelius  as  follows  :* 

Water 928.75 

Cheese^  with  a  trace  of  butter 28.00 

Sugar  of  milk • 85.00 

Muriate  of  potassa • . . .  1.70 

Phosphate  of  potassa 0.25 

Lactic  acid,  lactate  of  potassa,  and  a\  g  ^ 

trace  of  lactate  of  iron  J 

Earthy  phosphates • • , .  0.80 

1000. 

Of  Eggs. 

Eggs  have  lately  been  attentively  examined  by  Dn  Front, 
(Phil.  Trans.  1822),  in  the  course  of  an  inquiry  into  the 
changes  that  occur  during  incubation.  The  specific  gravity 
of  new  laid  eggs  was  found  to  vary  from  1.080  to  1.090.  By 
long  keeping,  tliey  become  specifically  lighter  than  water,  in 
consequence  of  the  substitution  of  a  quantity  of  air,  for  the 
water  which  escapes  through  their  pores.     They  suffer  also  a 

*  Thomson'f  Anaalt,  iii.  37. 
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great  loss  of  weight,  amounting  on  an  average  to  little  short  of 
a  grain  per  day.  Of  an  egg  weighing  1000  grains,  the  shell 
constitutes  about  106  grains,  the  white  604,  and  the  yolk  290, 
or  thereabouts. 

Eggs  lose  a  little  of  their  weight  by  being  boiled,  and  the 
water  becomes  impregnated  with  about  0.3  grains  of  saline 
matter  from  an  egg  of  common  size.  This  saline  fluid  is  found 
on  evaporation  to  be  strongly  alkaline,  and  to  contain  also 
animal  matter,  sulphuric  and  phosphoric  acids,  chlorine,  lime, 
magnesia,  and  carbonates  of  those  earths,  all  which  substances 
exist  both  in  the  white  and  the  yolk. 

The  shell  contains  about  2  per  cent,  of  animal  matter,  with 
1  per  cent,  of  phosphates  of  lime  and  magnesia,  the  rest  being 
carbonate  of  lime  with  a  little  carbonate  of  magnesia.  Vau- 
quelin  found,  also,  in  the  burnt  shells,  traces  of  iron  and  sul- 
phur. 

The  yolk  of  the  egg,  besides  the  more  common  ingredients 
of  animal  fluids,  contains  a  considerable  portion  of  uncom- 
bined  phosphorus;  which,  when  the  dried  yolk  is  burnt,  forms 
a  glassy  coaling  of  phosphoric  acid,  that  effectually  defends  the 
charcoal  from  combustion.  In  the  white  of  egg,  which,  as 
has  been  already  stated,  consists  chiefly  of  albumen,  sulphur 
exists  in  a  free  state,  and  by  combustion  becomes,  as  Berze* 
lius  has  remarked,  changed  into  sulphuric  acid.  The  yolk 
communicates  to  heated  alcohol  a  deep  yellow  colour,  and  on 
cooling, crystalsof  a  sebaceous  matter  are  deposited,  and  a  por- 
tion of  a  yellow  semi-fluid  oil.  On  distilling  off  the  alcohol,  the 
oil  may  be  obtained  separate.  In  one  instance,  the  yolk,  weigh- 
ing 316.5  grains,  contained  170.2  water,  55.3  albumen,  and  91 
yellow  oil;  but  these  proportions  varied  in  different  instances. 
The  proportions  of  the  saline  matter,  both  of  the  white  and 
yolk  to  each  other,  appear  liable,  also,  to  considerable  variation. 

Of  Chyle. 

The  chyle  has  been  lately  examined  by  Mr.  Brande,  who 
obtained  it  from  the  thoracic  duct  of  an  animal,  about  four 
hours  after  taking  food.  If  taken  at  a  longer  interval,  it  is 
mixed  with  a  greater  or  less  proportion  of  lymph.  When 
unmixed  with  blood,  it  has  the  following  properties. 
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1.  It  is  an  o))aqiie  fluid  of  a  perfectly  white  colour,  without 
smell,  and  having  a  slightly  salt  taste,  accompanied  by  some 
degree  of  sweetness. 

2.  It  does  not  affect  the  colour  of  litmus  or  turmeric,  but  it 
slowly  changes  violet  paper  to  green. 

3.  Its  specific  gravity  somewhat  exceeds  that  of  water,  but 
is  less  than  tliut  of  blood. 

4.  In  about  ten  minutes  after  being  taken  from  the  duct,  it 
assumes  the  appearance  of  a  stiff  jelly,  which  in  the  course  of 
24  hours  separates  into  two  parts,  producing  a  firm  and  con- 
tracted coagulum,  surrounded  by  a  transparent  colourless  fluid, 
lu  spontaneous  changes,  indeed,  bear  a  striking  resemblance 
to  those  which  take  place  in  blood. 

The  coagulated  portion  has  a  closer  resemblance  to  the 
cheese  of  milk,  than  to  fibrin.  It  is  rapidly  dissolved  both 
by  pure  and  subcarbonated  alkalis,  forming  pale  brown  com- 
pounds. Its  solution  in  liquid  ammonia  is  of  a  reddish  hue. 
The  acids  throw  down  a  substance  intermediate  between  fat 
and  albumen,  which  an  excess  of  nitric  acid  redissolves  in  the 
cold ;  and  sulphuric,  muriatic,  and  acetic  acids^  by  boiling  for 
a  short  time,  also  dissolve  it. 

Sulphuric  acid,  diluted,  dissolves  the  coagulum,  unless  the 
water  be  increased  to  six  times  the  weight  of  the  acid.  Al- 
kalis do  not  precipitate  the  solution.  It  is  transparent,  of  a 
pale  brown  colour,  and,  after  the  addition  of  alkali,  is  decom- 
posed by  infusions  of  tan. 

When  the  coagulum  is  kept  some  weeks  in  one  part  of 
nitric  acid,  and  15  of  water,  it  is  converted  into  adipocire. 
Muriatic,  acetic,  and  oxalic  acids  dissolve  the  coagulum ;  but 
neither  citric  nor  tartaric  have  any  action  on  it. 

The  serous  part  of  the  chyle,  when  heated,  becomes  slightly 
turbid,  and  deposits  flakes  of  albumen.  The  clear  liquid,  by 
evaporation  to  half  its  bulk,  deposits  crystals,  bearing  a  strong 
resemblance  to  sugar  of  milk.  They  are  soluble  in  20  parts 
of  water  at  QO^  Fahrenheit,  or  in  four  of  boiling  water,  and  the 
taste  of  the  solution  is  extremely  sweet.  By  nitric  acid,  they 
are  converted  into  a  white  powder,  having  the  properties  of 
saccholactic  acid,  as  described  by  Scheele. 

The  destructive  distillation  of  the  serous  part  of  chyle 
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^Sbried  A  minute  quantity  of  charcoal,  with  traces  of  phos- 
phate of  lime^  and  of  muriate  and  carbonate  of  soda. 

From  these  experiments,  it  appears  that  chyle  bears  a 
striking  analogy  to  tuilk,  not  only  in  its  external  appearance, 
but  in  chemical  properties  and  composition.  It  must  be  ac- 
knowledged, however,  that  the  results,  which  have  been  de- 
scribed, are  not  perfectly  coincident  with  those  obtained  by 
Emmert  and  Vauquelin,  each  of  whom  submitted  to  analysis 
the  chyle  of  the  horse.  Emmert  was  unable  to  discoveir  the 
"Smallest  trace  of  sugar  of  milk ;  *  and  Vauquelin  found  also^ 
Ist,  a  large  proportion  of  albumen ;  2d,  a  smaller  one  of 
fibrin ;  Sd,  a  fatty  substance^  which  gives  to  the  chyle  the 
appearance  of  milk ;  and  4thly,  several  salts,  such  as  potassa, 
MUriate  of  potassa,  and  pro-phosphate  of  ii-on.f  Berzelius, 
also,  appears  to  distrust  the  analogy  between  chyle  and  milk.]: 

The  most  i*eoent  examinations  of  the  chyle  are  by  Drs.  Mar- 
cet  and  Prottt^  who  compared  the  chyle  from  two  dogSj  the 
one  exdnsively  fed  oh  animal,  the  other  on  v^etable  food. 
Their  results  are  contained  in  the  following  Table.  (Ann.  of 

I*hil.  XV.  25.) 

Vegetable  Food.  Animftl  Food. 

Water 98.6  89.2 

Fibrin   0.6  0.8 

Incipient  albumen  ?  . .  • .     4.6  4.7 

Sugar  of  milk  ? a  trace •  •     — 

Oily  matter a  trace trace 

Saline  matters 0.3  0.7 

100.  100. 


SECTION  IV. 

Of  the  Mucus  of  the  Nose;  ike  Tears;  the  Hvmmrs  of  ihe 
Eye  ;  and  ihe  Liquor  of  Surfaces  and  of  Cavities,  t^c. 

1.  The  mucus  <f  the  nose  was  examined  by  Fourcroy  and 
Vauquelin,  in  the  state  in  which  it  is  discharged  during  catarrh. 

•  80  Ann.  do  Chemie,  81.  f  81  Ann.  de  Chiraie,  113. 

J  View  of  Animal  Chemistry,  p.  74. 
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Its  principal  qualities  appear  to  be  owing  to  the  large  propor- 
tion, vhicb  it  contains^  of  the  substance  termed  by  Dr.  Bos^ 
tock  animal  mucus.  By  exposure  to  the  air,  this  substance^ 
becomes  viscid ;  but,  when  recently  secreted,  its  consistence 
does  not  appear  to  be  thicker  than  thai  of  tears.  It  contaius, 
besides  other  neutral  salts,  a  small  proportion  of  carbonate  of 
soda;  and  hence  it  precipitates  the  solutions  of  baryta  and  qf 
lime.  Water  cloes  not  dissolve  it,  and  it  can  only  be  brought 
into  a  state  of  diffusion  by  agitation.  The  acids  thicket) 
it,  when  used  in  small  quantity;  but  in  a  larger  propor-; 
tion  they  dissolve  it  Pure  liquid  alkalis  decompose  it,  and 
extricate  ammonia.  Chlorine  renders  it  thick  and  diy;  and 
reduces  it  to  a  state  almost  resembling  parchipent. 
Berzelius  found  the  mucus  of  the  nose  to  consist  of 

Water 9S3.7 

Mucous  matter  .  • .  • , 53.3 

Muriates  of  potassa  and  soda 5.6 

Impure  lactate  of  soda 0.9 

Albumen  and  animal  matter,  insolublel^       ^  ^ 
in  water,  but  soluble  in  alcohol .  •  • ./ 

iOOO. 

2.  Tl^e  tears  appear  to  differ  from,  the  mucus  of  the  nose  ii^ 
no  respectj  except  in  being  of  a  more  fluid  consistence.  They 
are  perfectly  pellucid,  have  a  saline  taste,  and  a  specific  grar 
vity  rather  greater  than  that  of  water.  They  change  the  colour 
of  syrup  of  violets  to  green,  owing  to  their  cpntaini^ig  a  porr 
tion  of  uncombined  soda.  Mr.  Hunter  found  that  when  tears 
are  exposed  to  a  temperature  of  160°,  a  coagulum  is  formed ; 
and  that  a  substance  still  remains  in  solution,  which  is  coagul- 
able  by  Goulard's  extract  of  lead.  These  prop^lies  indicate 
the  presence  both  of  albumen  and  of  mucus.  By  evaporation, 
the  tears  afford  a  yellow  extract,  which  is  insoluble  in  water, 
but  is  readily  soluble  in  alkalis.  Sulphuric  acid  disengages 
from  this  extract  both  carbonic  acid  and  muriatic  acid  gases. 

*B7  Ann.  de  Chim,  113.  +  View  of  Animal  Cbcmistfy,  p.  74. 
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After  its  combustioDy  phosphate  of  soda  and  phosphate  of  lime 
are  also  discovered  in  it.  Fresh  tears  are  decomposed  by 
chlorine,  and  a  precipitate  is  thrown  down  in  flakes,  which 
resembles  the  matter  obtained  by  evaporation.  Tears,  there- 
for^ are  composed  of  water ;  an  animal  fluid  resembling 
albumen ;  another  fluid  which  is  probably  mucus ;  and  various 
neutral  salts. 

3.  The  humours  of  the  eye.  The  aqueous  humour  is  a  clear 
transparent  liquid,  of  the  specific  gravity  1009.  It  has  little 
smell  or  taste,  and  scarcely  afiects  blue  vegetable  colours.  By 
evaporation  it  leaves  a  residuum,  amounting  to  about  8  per 
cent.  Boiling  occasions  a  slight  coagulation ;  and  tan  preci- 
pitates it,  both  before  and  after  being  heated.  Nitrate  of  silver 
precipitates  muriate  of  silver  from  it,  but  no  other  metallic 
salts  affect  it.  Hence  it  may  be  inferred,  that  the  aqueous 
humour  consists  of  a  large  proportion  of  water;  and  of  albu- 
men, gelatine,  and  several  neutral  salts. 

The  vitreous  humour  agrees  with  the  aqueous  as  to  the 
nature  of  its  ingredients,  and  differs  only  in  their  proportion. 
In  the  crystalline  lens,  both  albumen  and  gelatine  are  present 
in  considerably  larger  quantity.  It  is  soluble  in  cold  water; 
but  the  solution  is  coagulated  by  heat,  and  by  the  addition  of 
tan.  Its  specific  gravity  is  nearly  1 100« — It  appears,  there- 
fore, that  all  the  humours  of  the  eye  are  composed  of  the  same 
ingredients,  and  differ  only  in  the  proportion  which  they  bear 
to  each  other. 

A  recent  analysis  of  the  humours  of  the  eye  by  Berzelius^ 
has  determined  their  composition  as  follows : 

Aqueous  Humour.        Vitreous  Humour. 

Water 98.10   98.40 

Albumen a  trace 0.16 

Muriates  and  lactates 1.15    1.42 

Soda  with  animal  matter  1      ^  »,-  ^^^ 

soluble  in  water /      ^'^^    0.02 


100.  100. 

The  lens  of  the  eye  was  found  to  l)e  composed  of 
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Water 53 

Peculiar  matter 55,9 

Muriates,  lactates,  and  animal  matter  soluble! 
in  alcohol j    ^•* 

Animal  matter  soluble  only  in  water  •....,..     1.3 
Insoluble  membrane 2.4 

100. 

In  the  ashes  of  the  crystalline  lens,  Berzelius  found  only 
minute  traces  of  iron ;  but  in  those  of  the  black  matter  which 
covers  the  choroid  coat,  he  discovered  a  large  proportion  of 
the  oxide  of  that  metal.* 

4.  Liquor  of  surfaces.  On  the  surface  of  every  cavity 
throughout  the  body  a  fluid  is  constantly  poured  out,  in  suffi- 
cient quantity  to  lubricate  the  parts;  and  occasionally,  also, 
to  keep  certain  cavities  in  a  state  of  distension.  To  this  head 
may  b«  referred  the  fluid  which  moistens  the  pleura  and  the 
peritonaeum,  and  the  contents  of  the  pericardium,  of  the  ven- 
tricles of  the  brain,  and  of  the  amnios.  It  is  only  a  part  of 
tliese,  however,  that  have  been  accurately  examined. 

The  liquor  of  the  pericardium  has  been  analyzed  by  Dr. 
Bostock.  It  had  the  appearance  of  the  serum  of  the  blood ; 
and  when  exposed  to  the  heat  of  boiling  water,  became  opaque 
and  gelatinous.  By  slow  evaporation  it  left  a  residuum  equal 
to^V  of  the  whole.  It  was  precipitated  by  bichloride  of 
mercury ;  after  the  action  of  which  infusion  of  galls  had  no 
efiect,  but  a  copious  sediment  was  produced  by  Goulard's  ex- 
tract. From  these  characters.  Dr.  Bostock  is  disposed  to  con- 
sider it  as  a  compound  of  albumen  and  mucus  with  muriate  of 
soda  and  water, 'but  without  any  gelatine.  The  following 
proportions  he  assigns  as  approximations : 

Water   92 

Albumen 5,5 

Mucus 2 

Muriate  of  soda 0.5 

lOO.t 
♦  Ann.  dc  Chim.  ct  Phy»*  v.  51.  f  Nicholson's  Journal,  xiy,  147, 
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The  liquor  of  the  amnios,  or  the  flui4  which  surrounds  the 
fetus,  is  stated  by  Vauquelin  and  Buniva  to  be  remarkable, 
in  the  cow,  for  affording  a  peculiar  acid,  already  described 
under  the  name  of  the  amniotic ;  but  Dr.  Prout,  who  has 
since  examined  this  liquor  with  much  attention,  was  not  able 
to  detect  any  such  principle.t  The  liquor,  on  which  he  made 
his  experiments,  had  the  sp.  gr«  1.013.  Its  taste  was  bland 
and  sweetish  like  fresh  whey;  and,  when  concentrated  by 
eraporation,  it  yielded  crystals  of  sugar  of  milk.  It  condsted 
of 

Water 977 

Albumen * • 2.6 

Substance  soluble  in  alcohol 16.6 

Saline  substances  and  sugar  of  milk. .  •  •  •      3.8 

1000. 

In  the  human  subject,  the  composition  of  the  liquor  of  the 
amnios  is  entirely  different;  none  of  the  amniotic  acid  appearr 
ing  to  exist  in  it.  The  only  ingredients,  that  are  found  in  it^ 
are  albumen^  gelatine,  with  a  portion  of  muriate  and  carbonate 
of  soda  and  some  phosphate  of  lime.  It  is  precipitated  by 
heat,  by  acids,  by  alcohol,  and  by  infusion  of  galls. 

5.  Lymph.  The  fluid  found  in  the  thoracic  duct  of  animals 
that  have  been  kept  24  hours  without  food,  is  perfect^  transr 
parent  and  colourless,  and  seems  to  difier,  in  no  respect,  from 
that  which  is  contained  in  the  lymphatic  vessels.  Its  proper* 
ties  are  described  by  Mr.  Brande  as  follows: 

(a)  It  is  miscible  in  every  proportion  with  water. 

(b)  It  produces  no  change  in  vegetable  colours. 

(c)  It  is  neither  coagulated  by  heat,  by  acids,  nor  by  «I« 
cohol,  but  is  rendered  slightly  turbid  by  the  last-mentioned 
agent. 

(rf)  It  gives,  on  evaporation,  a  very  sparing  residuum,  which 
turns  the  colour  of  violet  paper  green.  By  incineration,  this 
matter  gives  a  very  little  muriate  of  soda,  but  no  iron. 

(e)  When  submitted  to  electrical  action,  there  was  an  evolu- 

•  Thomson's  Ann.  t.  471. 
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tion  of  alkali}  md  a  separation  of  aUNnnen^  bt  the  negative 
pole.  At  the  poutive  wire,  murtatte  acid  only  seemed  to  be 
evolved. 

6.  Pfi^.— Pus  is  the  fluid  secreted  bj  an  inflamed  surfitce^ 
generally  towards  the  close  of  the  itiflamtnation.  It  is  of  a  yel* 
lowish  white  colour,  and  of  the  Consistence  of  thick  ci^atu  i  has 
the  sp.  gr»  1 .03 1  to  1 .093 ;  is  insipid  and  inodorous  when  cold  t 
and  when  examined  by  the  microscope,  exhibits  white  globulee 
swimming  in  a  transparent  fluid.  It  produces  no  change  on 
vegetable  colours  ih  its  recent  state,  but  becomes  acid  on  ex- 
posure to  the  air. 

Pus  is  not  easily  miscible  with  water,  and  when  agitated 
with  it,  the  pus  sinks  to  the  bottom  on  standing.  Diluted  sul- 
phuric acid  does  not  act  upon  it,  but  concentrated  sulphuric, 
muriatic,  and  nitric  acids  dissolve  it.  Alkaline  solutions 
form  with  it  a  whiteish  ropey  fluid,  which  is  precipitated  on 
adding  water.  Pure  ammonia  changes  it  to  a  transparent 
jelly,  and  dissolves  a  considerable  proportion  of  it 

Pus  yields  a  white  precipitate  with  nitrate  of  silver,  and  a 
still  more  copious  and  flakey  one  with  nitrate  and  With  hi* 
chloride  of  mercury.  Its  characters  appear,  however,  to  be  liablifc 
to  several  modifications,  which  are  described  by  Dr.  P^arsbtt 
in  the  Phil.  l>ans.  for  1810.  The  criteria  proposed  for  distm* 
guishing  pus  from  mucus^  Dr.  Pearson  did  not  find  at  All 
satisfactory;  but  the  following  has  since  been  proposed  by 
Grasmeyer.  Triturate  the  fluid  to  be  tried  with  an  equal  qUan« 
tJty  of  Wdrm  watery  then  add  to  it  an  equal  portion  of  a  satu- 
rated solution  of  sobcarbonate  of  potassa ;  and  s^t  the  mixture 
aside.  If  it  contain  pus,  a  transparent  jelly  subsides  in  a  few 
hours,  but  this  does  not  happen  if  only  mucus  be  present. 
(Thomson's  Chemistry,  iv.  5S1f.) 

7.  Synovia. — This  fluid,  which  is  found  in  the  cavities  of  the 
joints,  may,  from  its  ofiice  of  lubricating  the  parts  in  which  it 
is  found,  he  described  in  this  place,  though  in  composition  it 
difiers  considerably  from  the  liquor  of  surfaces.  It  is  at  first 
a  viscid  liquid,  but  soon  becomes  gelatinous;  and,  after  re- 
maining some  time  in  this  state>  again  assumes  a  fluid  form^ 
and  deposits  a  fibrous  matter.  Alcohol  se{iarates  from  it  a 
portion  of  albumen,  but  the  remaining  liquid  remains  viscid. 

vox*.  II.  2  F 
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Acetic  acid  destroys  its  viscidity,  and  precipitates  a  quantity 
of  white  threads,  which  have  a  striking  resemblance  to  vege- 
table gluten.  The  same  substance  is  precipitated  by  the  mineral 
acids,  but  not  unless  they  are  diluted  with  a  large  quantity  of 
water;  for  in  their  concentrated  form,  they  have  the  power  of 
dissolving  it.  By  continuing  the  analysis,  several  neuti*al  salts 
may  be  obtained,  and  the  proportions,  of  the  entire  fluid  have 
thus  been  stated  by  Margueron  :* 

Fibrous  matter. 1 1.86 

Albumen 4.52 

Muriate  of  soda 1.75 

Soda 0.71 

Phosphate  of  lime 0.70 

Water 80.46 

100. 

8.  The  fluid  of  perspiration^  or  sweaty  has  been  examined  by 
Berzelius;  but  under  the  disadvantage  of  operating  on  a  very 
small  quantity.  A  few  drops,  collected  and  evaporated  on  a 
watch  glass,  left  a  yellowish  residue,  having  all  the  appearance, 
under  the  microscope,of  the  usual  mixture  of  muriates  ofpotassa 
and  soda  with  lactic  acid,  lactate  of  soda,  and  its  accompanying 
animal  matter.  It  reddened  litmus,  and  dissolved  in  alcohol; 
and  was,  without  doubt,  of  the  same  nature  as  the  analo^ 
gous  matter  found  in  other  animal  fluids.  The  acetic  acid, 
which  Thenard  supposed  he  had  discovered  in  the  fluid  of 
perspiration,  was  most  probably  a  product  of  his  mode  of 
operating. 


SECTION  V. 

Of  the  Urine  and  Urinary  Calculi. 

The  urine,  though  one  of  the  most  complicated  fluids  of 
the  animal  body,  containing  at  least  a  dozen  difierent  sub- 

*  Ami.  de  Chiin.  xi?. 
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Stances,  is  perhaps  one  of  those,  the  composition  of  which  is 
now  best  understood.  For  a  long  period  of  time,  tlie  atten- 
tion of  chemists  seems  to  have  been  limited  to  the  extraction 
of  phosphorus  and  neutral  salts  from  urine ;  but  a  new  direc« 
tion  was  given  to  their  labours,  by  the  valuable  discoveries  of 
Fourcroy  and  Vauquelin.*  The  analysis  of  the  urine  has 
been  prosecuted,  also,  witl)  great  success,  in  this  country  by 
Cruickshankjt  in  Spain  by  Proust ;}  and  more  recently  by  that 
indefatigable  philosopher.  Professor  Berzclius  of  Stockholm.^ 
And  though  some  important  facts  have  been  contributed  by 
other  persons,  yet  it  is  chiefly  to  these  writers  that  we  are 
indebted  for  the  materials  of  its  chemical  history. 

The  external  properties  of  the  urine  need  no  description ; 
and  indeed  none  would  apply  universally  to  a  fluid,  which  is 
constantly  varying,  not  only  in  the  diseased  but  in  the  healthy 
state  of  the  body.  The  quantity  voided  in  each  diurnal  period 
is  of  course  greatly  modified  by  circumstances.  Haller  states 
it  at  49  oz. ;  Dr.  Bostock  at  40  oz. ;  and  Dr.  Prout  at  32  oz. 
or  2lb.  avoirdupois  on  the  average  of  the  whole  year.  The 
following  account  of  its  chemical  properties  is  to  be  undei>- 
stoo<l  as  applying  to  the  urine  which  is  voided  early  in  the 
morning,  or  at  least  several  hours  after  a  meal.  In  this  state 
it  has  a  deep  yellow  colour,  and  an  intensely  bitter  taste.  Its 
specific  gravity  is  variable.  Dr.  Bryan  Robinson  fixes  it  at 
1030,  water  being  1000;  and  Mr.  Cruickshank  found  it  to 
vary  from  1005  to  1033.  From  my  own  experiments,  I  am 
disposed  to  consider  the  number  stated  by  Dr.  Robinson  as  a 
fair  general  average. 

The  substances,  which  appear  to  me  to  have  been  satisfac- 
torily proved  to  exist  in  healthy  urine,  are  the  following : 

1.  Water.  7.  Benzoic  acid. 

2.  Free  phosphoric  acid.  8.  Lactic  acid. 

3.  Phosphate  of  lime.  9.  Urea. 

4.  Phosphate  of  magnesia.  10.  Gelatine. 

5.  Fluoric  acid.  11.  Albumen; 

6.  Uric  acid.  12.  lactate  of  ammonia. 

•  Annales  de  Chimie,  xxxi.  48.  t  I'hil.  Mag.  ii.  249.     . 

}  Annales  de  Cbinilei  ixxvi.  268.  §  Thoiusou's  Annal.*,  li.  416. 
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IS.  6ult)hate  oFpotassa*  17.  Phosphate  of  soda. 

14.  Sulphate  of  soda.  18.  Phosphate  of  ammonia. 

15.  Filiate  of  lime.  19.  Sulphur. 

16.  Muriate  of  soda.  20.  Silica. 

The  presence  of  an  uncombined  acid  in  urine  is  shown  by 
its  invariably,  when  recently  voided,  reddening  blue  vegetable 
colours.  This  effect  is  owing  partly  to  the  phosphoric,  and 
partly  to  the  lactic  and  uric  acids,  which  tirine  contains ;  and 
Vogel  has  lately  endeavoured  to  show  that  carbonic  acid  is» 
also,  one  of  its  constituents.*  Berzelius  imagines  that  the 
weakest  acids  are  those  which  are  most  likely  to  remain  un- 
saturated, and  to  produce  this  effect  on  vegetable  colours ;  but 
Dr.  Prout  is  inclined  rather  to  believe  that  the  uric  acid  in 
urine  is  united  with  ammonia,  and  hence  mineral  acids  cause 
a  precipitation  from  urine  by  saturating  the  ammoniacal  base. 
The  reddening  effect  he  is  disposed  rather  to  ascribe  to  the 
superphosphate  of  ammonia. 

The  lactic  and  phosphoric  acids  form  the  solvent,  by  which 
the  phosphate  of  lime  is  retained  in  solution ;  and,  if  this 
poition  of  acid  be  saturated,  the  earthy  salt  is  precipitated. 
Hence  a  few  drops  of  pure  ammonia,  added  to  recent  urine, 
occasion  a  white  cloud,  and  a  sediment  of  neutral  phosphate 
of  lime  falls,  in  the  proportion  of  about  two  grains  from  four 
ounces  of  urine.  If  Iime*watcr  be  mixed  with  urine,  a  still 
larger  quantity  of  phosphate  of  lime  is  deposited;  for  the 
newly  added  earth  unites  with  the  free  phosphoric  acid,  and  a 
quantity  of  phosphate  of  lime  is  generated,  in  addition  to  that 
which  before  existed  in  solution.  In  the  precipitate,  formed 
by  either  of  these  processes,  a  small  proportion  of  magnesia  is 
discoverable,  which  existed,  no  doubt,  in  combination  with 
phosphoric  acid.  The  sediment  contains,  also,  according  to 
Berzelius,t  fluate  of  lime,  llie  presence  of  the  last-mentioned 
substance  was  ascertained  by  adding  sulphuric  acid,  which  set 
at  liberty  vapours  of  fluoric  acid,  in  sufficient  quantity  to  cor- 
rode glass. 

When  the  urine  has  fetood  for  24  hours  at  a  mean  tempe- 

—        ■  ■■  I        »■ -     ■■     ■■  ■■—  '  ■■■«' !■  ■  .    -     III  I         ■  ■  I    ■!■     -         fa        .     .        ■. 
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mture,  the  uric  acid,  urate  of  amuiouia,  and  phosphate  Qf  lipe 
are  in  a  great  lueaaure  deposited  $  and  still  n^pre  speedily  and 
completely,  if  the  urine  be  first  evaporated  to  half  its  bplk. 
Tbey  may  be  separtitcd  from  each  other,  either  by  diluted 
nitric  acid,  which  leaves  the  uric  acid,  and  takes  |jp  only  the 
phosphate  of  line;  or  by  calcining  |he  mixture  in  a  Fed-heat| 
which  destroys  the  urip  acid,  but  not  the  calcareous  php^f 
phate.  By  this  operation,  the  uric  apid  is  fqi^nd  to  vary  cpp'^ 
siderably;  but  the  phosphate  of  lime  U  pretty  constantly  in 
the  proportion  of  a  grain  froni  two  ounces  of  urine*  The 
quantity  of  uric  acid,  obtained  from  urine^  is  greatly  increased 
by  adding  to  that  fluid  ahnost  any  other  acid,  and  allowing  i( 
to  stand  for  some  days;  at  the  end  of  wbieh  time  small  crystal«r 
line  grains  will  be  found  lining  the  inner  sprfiice  of  the  vesse).''^ 

The  existence  of  salts,  containing  sulphuric  acid,  in  urine^ 
Is  proved  by  adding  muriate  of  baryta,  to  uripe  acidulated 
with  muriatic  acid.  This  excess  of  acid  prevents  the  precipi- 
tation of  the  phosphates,  which  would  otherwise  be  dccom^ 
posed  by  the  baryiic  salt.-  From  the  weight  pi*  the  precipitatei 
B^'zelips  computes  that  the  proportion  pf  sulphuric  acid  in 
nrine  exceeds  that  of  phosphoric  acid.— If  nitrate  of  b^ryt% 
with  aa  excess  of  nitric  acid,  be  employed,  and  if  the  princ^ 
after  dqMwiting  the  sulphate  of  baryta,  be  evaporated,  § 
further  portion  of  sulphate  of  baryta  is  dep<»8ited  ip  small 
hard  crystals.  Now  the  sulphuric  acid,  which  ppcasipp^  thi? 
$0coHd  production  of  the  barytic  sulphate,  must  have  beep 
formed  during  evaporation;  and  can  only  be  accpppted  for 
by  supposing,  that  a  portion  of  sulphur,  existing  in  the  pf  ine, 
has  been  acidified  by  the  excess  of  nitric  acid* 

The  muriates  of  potassa  and  soda  occur  both  in  blood  and 
in  urine,  and  hence  appear  to  pass  the  kidneys  unchanged, 
Their  presence  in  the  latter  fluid  may  be  shown  by  first  precis 
pitating  the  phosphates  and  sulphates  with  nitrate  of  baryta, 
and  then  adding  nitrate  of  silver.  A  copious  precipit^tipp  in 
this  case  never  Jails  to  be  produced. 

When  urine,  which  has  deposited  its  phosphate  of  lime  and 

•  Egaiiy  PhHosophlcal  MsgwuMy  %un.  CCa. 
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uric  acid,  is  submitted  to  distillation,  a  liquid  condeuses  in 
the  receiver,  which  has  a  very  peculiar  and  nauseous  smell, 
and  effervesces  strongly  with  acids,  in  consequence  of  its  con- 
taining carbonate  of  ammonia.  In  the  retort  there  remains  a 
residuum,  which,  if  evaporated  to  the  consistence  of  honey, 
composes  from  Vt  ^^  -rw  ^^^  weight  of  the  urine.  When  a 
h'ttle  of  this  extract  is  added  to  a  quantity  of  nitric  acid, 
diluted  with  an  equal  weight  of  water,  a  number  of  shining 
white  or  yellowish  scales  are  deposited,  resembling  the  boracic 
acid,  and  in  the  proportion  of  |^  or  ^  the  weight  of  the  ex- 
tract. This  precipitate  is  occasioned  by  the  action  of  the 
nitric  acid  on  the  urea,  which  is  contained  in  urine ;  and  to 
the  decomposition  of  the  same  substance  is  owing  the  carbon- 
ate of  ammonia,  obtained  from  urine  by  distillation.  (See  the 
section  on  Urea.) 

From  the  extract  of  urine,  the  peculiar  substance,  called 
urea,  may  be  separated  by  digesting  the  extract  repeatedly 
with  alcohol,  and  decanting  the  solutions,  which  are  to  be 
gently  evaporated.  Its  propoition  varies  very  considerably ; 
but  it  has  been  stated,  by  Mr.  Cruickshank,  at  about  -^  the 
weight  of  the  urine,  or  one  half  that  of  the  inspissated  extract. 
The  undisolved  residue  contains  lactic  acid  and  a  number  of 
neutral  salts,  consisting  of  muriate  of  potassa,  muriate  of  soda, 
phosphate  of  soda,  and  phosphate  and  lactate  of  ammonia. 
Muriate  of  ammonia,  Ls,  also,  occasionally  found,  and  is  dis- 
solved, along  with  the  urea,  by  the  alcohol.  These  salts 
admit  of  being  separated  from  each  other  by  solution  and  eva- 
poration. The  muriates,  at  a  certain  degree  of  concentration, 
form  a  pellicle,  which  is  to  be  removed  while  the  liquor  is  hot. 
The  solution,  when  cold,  deposits  two  sets  of  crystals ;  rhom- 
boidal  prisms,  which  are  the  phosphate  of  ammonia;  and 
rectangular  tables,  consisting  of  phosphate  of  soda. 

Along  with  the  urea,  a  portion  of  benzoic  acid  is,  also, 
taken  up  by  the  alcohol.  The  presence  of  this  acid  in  urine 
may  be  shown,  by  evaporating  it  to  the  consistence  of  syrup, 
and  pouring  in  muriatic  acid;  when  a  precipitate  appears, 
which  consists  of  benzoic  acid.  In  human  urine  its  propor- 
tion 19  small|  and  JBerzelius  could  not  even  discover  a  trace  of 
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it  io  the  urine  of  childreiH  in  which  Scheele  states  that  he  found 
it ;  but  in  that  of  herbivorous  quadrupeds,  so  large  a  quantity 
exists  as  to  be  woilh  extraction.  On  the  average,  Vauquelin 
has  shown  that  it  forms  about  -y^  of  the  urine  of  this  class  of 
animals.* 

If  human  urine  be  evaporated  to  the  consistence  of  syrup 
only,  and  alcohol  be  added,  the  substance  remaining  undis- 
solved is  acid.  This  acid  combines  with  ammonia,  and  the 
compound  is  soluble  in  alcohol.  From  this  solution  the  am<- 
monia  is  disengaged  by  lime;  and  from  the  new  salt  thus 
formed,  the  lime  may  be  precipitated  by  oxalic  acid,  which 
leaves  the  lactic  acid  dissolved  in  water.  By  this  process,  a 
small  part  only  of  the  lactic  acid  is  obtained  from  urine ;  the 
greater  portion  of  it  being  dissolved  by  the  alcohol,  together 
with  the  lactate  of  ammonia. 

Albumen,  gelatine,  and  mucus  exist,  also,  in  the  urine^ 
but  in  very  variable  proportion.  When  urine  is  heated  nearly 
to  the  boiling  temperature,  a  white  flocculent  precipitate  often 
forms  in  it.  This  is  in  part  phosphate  of  lime,  thrown  down 
by  the  ammonia  resulting  from  the  decomposition  of  urea; 
but  it  also  contains  coagulated  albumen,  which  remains  after 
adding  muriatic  acid  to  dissolve  the  calcareous  phosphate. 
In  dropsy,  the  proportion  of  albumen  is  often  sufficient  to 
produce  a  distinct  coagulation  both  by  heat  and  acids.  Ge* 
latine  is  discovered,  on  adding  infusion  of  galls,  by  a  preci- 
pitate which  amounts,  according  to  Mr.  Cruickshank,  to  ^-j^. 
part  the  weight  of  tlie  urine.  The  presence  of  an  excess  of 
albumen  in  urine  is  the  characteristic  symptom  of  a  disease 
described  by  Dr.  Front  (on  Calculous  Diseases,  p.  37.)  But 
in  general  he  considers  the  albuminous  part  of  urine  as  more 
nearly  allied  in  properties  to  that  found  in  chyle  than  to  that 
of  blood.  It  often  exists,  when  the  urine  is  not  coaguluble  by 
heat;  but  in  this  case  it  may  be  discovered  by  the  delicate 
test  of  triple  prussiate  of  potassa,  aided  by  a  few  drops  of 
acetic  acid. 

Mucus,  also,  is  suspended  in  all  newly  evacuated  urine^ 
and  affects  its  perfect  transparency.    If  the  iirine  be  voided 

*  Aonales  de  Cbimiey  Ixix.  311. 
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in  diffierent  portions,  the  maoas,  which  natarally  liMS  the 
urinaiy  passages,  is  most  abundant  iu  the  first,  and  less  so  in 
the  subsequent  portions.  When  recent  urine  is  filtered,  the 
mucus  remains  on  the  filter,  in  the  form  of  transparent  and 
colourless  flocculi.  The  cloud,  which  appears  in  the  urine 
during  fever,  is  merely  this  mucus,  which  subsides  more  slowly 
than  usual,  in  consequence  of  the  increased  specific  gravity  of 
the  urine.  From  urine,  filtered  when  warm,  a  greyish  white 
sediment  falls  in  cooling,  which  gradually  acquires  a  reddish 
hue  and  a  crystalline  form.  The  greyish  powder  is  soluble  in 
caustic  potassa,  without  any  evolution  of  ammonia ;  but,  as  it 
becomes  red  and  crystallized,  potassa  disengages  ammonia  iipom 
it  in  abundance.  Beraelius  considers  it,  therefore^  as  urate 
of  ammonia  with  excess  of  acid.  The  deposit  is  partly 
soluble,  also,  in  acetic  acid,  which  extracts  a  substance  having 
the  characters  of  mucus.  There  appears,  indeed,  to  be  an 
affinity  between  uric  acid  and  mucus ;  ibr  that  acid  separates 
most  abundantly  from  urine,  which  has  not  been  deprived  of 
mucus  by  filtration.  In  some  diseases  of  the  bladder,  its 
mucous  secretion  appears  to  undergo  a  considerable  change^ 
and  to  assume  a  purulent  appearance.* 

Sulphur  was  first  discovered  in  urine  by  Proust.  This 
fluid,  he  observes,  blackens  silver  vessels  in  which  it  is  eva« 
porated,  and  scales  are  detached  which  consist  of  sulphuret  of 
silver,  Sulphureted  hydrogen  gas,  he  finds  also,  is  disen- 
gaged from  urine  which  has  been  kept  about  fifteen  days;  a 
remark  which  has  since  been  made  also  by  Vogel.  But  the 
greatest  part  of  the  sulphur  in  urine  is  united  with  oxygen  in 
the  state  of  sulphuric  acid,  which  is  combined  with  dlfierent 
bases. 

The  same  distinguished  chemist  (Proust)  supposed  that  he 
had  discovered  carbonic  acid  in  urine,  by  examining  the  air 
bubbles  which  ascend  from  this  fluid  during  ebullition.  There 
can  be  little  doubt,  however,  that  the  carbonic  acid,  thus  de- 
tected, arises  from  the  decomposition  of  urea  by  the  increased 
temperature.  But  Mr.  Brande  was  led  to  faifer  its  presence  by 
the  escape  of  carbonic  acid  from  urine  placed  under  an  eK- 
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haustad  reqaiver;  and  Dr.  Maroet  (on  Calciduai  p.  150)>  ad- 
mits that,  under  certain  circumstances^  urino  may  contain  car- 
bonic acid.  To  the  same  source,  also  (urea),  may  be  referred 
the  carbonate  of  lime^  found  by  Proust  on  the  surface  of 
casks  in  which  urine  had  been  kept.  By  the  decomposition 
c^urea,  carbonate  of  ammonia  is  formed;  and  this,  redacting 
on  the  phosphate  of  lime  contained  in  urine,  will  doubtless 
compose  carbonate  of  lime.  The  occasional  presence  of  the 
sulphate  of  soda  rests  on  better  evidence;  for  it  frequently 
happens  that  only  a  part  of  the  precipitate,  formed  by  adding 
muriate  of  baryta  to  urine,  is  dissolved  by  muriatic  acid ; 
thus  indicating  the  formation  of  sulphate  of  baryta. 

The  acetic  acid  and  resinous  matter,  which  Proust  imagined 
he  had  discovered  in  urine,  may  be  accounted  for  by  sup- 
posing, that  they  were  produced,  rather  than  separated,  by 
the  processes  which  he  employed.  At  least  their  existence  in 
healthy  urine  is  equivocal ;  and  it  is  not  improbable  that  this 
excellent  chemist  mistook  the  lactic  for  acetic  acid.  The  ace- 
tic acid  he  obtained  by  distilling  a  fresh  extract  of  urine  with 
sulphuric  acid ;  and  the  resinous  matter  by  diluting  the  resi- 
due of  this  distillation  when  beginning  to  grow  thick,  with  a 
large  quantity  of  cold  water ;  the  excess  of  acid  being  after- 
wards removed  by  a  little  alkali.  The  resin  thus  produced 
he  found  to  bear  a  striking  resemblance  to  castor. 

The  colour  and  smell  of  urine,  Berzelius  ascribes  to  the  lac- 
tic acid  and  accompanying  animal  matters ;  but  Dr.  Prout  con- 
ceives that  in  some  caises  it  is  owing  to  the  presence  of  alkaline 
purpurates.  On  adding  pure  and  white  urate  of  ammonia  to 
healthy  urine,  he  found  it  always  to  acquire  a  colour  like  that 
of  uric  acid  calculi,  till  a  certain  quantity  had  been  added, 
when  it  ceased  to  acquire  colour  on  adding  more.  This  can 
only  be  explained  by  supposing  that  urine  contains  two  co* 
louring  matters,  one  of  which  has  an  affinity  for  urate  of  am-< 
monia,  the  other  not* 

Berzelius  discovered  siliceous  earth  in  urine  by  treating  ex*- 
tract  qf  urine^  first  with  alcohol,  then  with  water,  and  finally 
with  muriatic  acid.  The  silica  remained  in  the  form  of  a  grey 
powder,  which,  by  fii»ion  with  aoda,  became  glass.    Its  source 
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be  apprehends  to  be  in  the  water,  which  we  drink,  which  al- 
most universally  contains  silica. 

With  regard  to  the  proportion  of  the  different  ingredients 
of  urine,  Berzelius  finds  that  it  differs  essentially  in  the  same 
lodiTidual,  even  from  causes  which  have  little  influence  on 
health.  The  following  Table  may  be  considered  as  showing 
its  average  composition. 

Water 933.00 

Urea 30.10 

Sulphate  of  potassa   •   3.71 

soda 3.16 

Phosphate  of  soda 2.94 

■  ammonia 1 .65 

Muriate  of  soda 4.45 

—  ammonia 1.50 

Free  lactic  acid " 

Lactate  of  ammonia # 

Animal  matter  soluble  in  alcohol  and  ac- 

companying  the  lactates   '  '  * 

Animal  matter  insoluble  in  alcohol . . « . 
Urea  not  separable  from  the  above  •  • .  .^ 

Earthy  phospliales  with  a  trace  of  fluate^  .  ^^ 

of  lime J 

Uric  acid  1.00 

Mucus  of  the  bladder 0.32 

Sihca 0.03 


1000. 


The  17.H  parts  of  lactic  acid,  &c  contain  a  quantity  of 
water,  which  cannot  be  abstracted  widiout  decomposing  those 
bodies.  The  uric  acid  is  extremely  variable ;  but  in  the  par* 
tscular  instance,  which  furnished  the  above  results,  it  was  de- 
posited on  cooling.  The  earthy  phospliates  contain  11  per 
cent,  more  magnesia,'  than  exists  in  the  earth  of  bones,  or  in 
the  ashes  of  blood.  Much  more  potassa  is  discoverable,  also, 
in  urine  and  in  milk,  than  in  blood. 

Acidification^  it  has  been  justly  observed  by  Berzelinsy  is 
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the  chief  healthy  office  of  the  kidneys.  It  is  in  those  organs^ 
that  the  sulphur  and  phosphorus  present  in  blood  are  con- 
verted into  sulphuric  and  phosphoric  acids,  and  that  a  new 
acid,  the  uric,  is  generate^].  In  some  diseases,  this  acidifying 
tendency  is  carried  to  excess,  and  nitric  and  oxalic  acids  are 
generated,  the  former  of  which  probably  converts  a  part  of  the 
uric  acid  into  purpuric ;  and  the  latter,  uniting  with  lime^ 
composes  oxalate  of  lime.  In  other  cases,  the  acidifying 
process  is  suspended,  and  unchanged  blood  or  albumen ; 
neutral  substances,  as  sugar  or  urea;  and  even  alkalis,  as 
ammonia,  lime,  or  magnesia,  are  abundantly  separated,  the 
sulphur  and  phosphorus  at  the  same  time  escaping  unacidified. 
When  acids  are  formed  in  excess,  the  urine  is  scanty  and  high 
coloured,  and  the  character  of  the  disease  is  inflammatory. 
When  neutral  or  alkaline  substances  are  redundant,  tlie  urine 
is  pale  and  copious,  and  the  disease  is  accompanied  with  irri- 
tation or  debility.    (See  Prout  on  Calculus.) 

The  putrefaction  of  urine  is  attended  with  a  series  of  changes, 
somewhat  analogous  to  those  accompanying  its  distillation. 
The  urea,  which  it  contains,  is  decomposed  and  converted 
into  carbonate  of  ammonia,  which  neutralizes  all  the  redun* 
dant  acids,  and  precipitates  phosphate  of  lime.  At  the  same 
time,  the  ammonia,  uniting  with  the  phosphate  of  magnesia, 
composes  a  salt^  which  settles  in  white  crystals  on  the  inner 
surface  of  the  vesseL  This  salt  is  the  ammoniaoo-magnesian 
phosphate,  which  constitutes  so  large  a  part  of  some  urinary 
calculi.  The  albumen  and  gelatine  contained  in  the  urine 
also  undergo  decomposition,  and  flakes  are  deposited,  which 
consist  of  both  these  substances.  Acetic  acid  is  generated^ 
and  becomes  saturated  with  ammonia.  Acetate  and  carbonate 
of  ammonia,  and  the  ammoniaoo-magnesian  phosphate  ^ipeary 
therefore,  to  be  the  principal  substances  generated  by  the  pu- 
trefaction of  urine. 

Some  important  facts  have  been  ascertained  by  Mr.  Cruick-* 
shank,  respecting  the  changes  that  the  urine  undergoes  in 
different  diseases.  In  dropsy,  the  urine  was  coagulated  so 
completely  by  heat  and  by  acids,  as  to  differ  but  little  from 
the  serum  of  the  blood.    When  tliis  disease,  however^  arose 
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firem  r  morbid  state  of  the  liver,  the  urine  wasnotooagukblei 
but  was  observed  to  be  small  in  quantity,  high  coloured,  and 
to  deposit  a  considerable  portion  of  pink  sediment  (probably 
the  substance  rosac^  of  Proust.)  In  inflammatory  afleotions, 
the  urine  was  found  to  be  loaded  with  albumen.  In  gout, 
towards  the  end  of  the  paroxysm,  the  urine  deposited  a  lateri*!' 
tious  sediment,  which  consisted  of  a  very  minute  quantity  of 
uric  acid,  a  larger  quantity  of  phosphate  of  lima,  and  some 
peculiar  animal  fluid  not  soluble  in  water.  The  urine  of 
jaundiced  persons  contained  a  small  quantity  of  bile,  which 
was  discoverable  by  the  addition  of  muriatic  acid.  Hysterical 
urine  was  remarkable  for  a  larger  proportion  of  saline  ingre* 
dients,  but  had  scarcely  any  animalised  matter. 

The  composition  of  the  urine  diflbrs  essentially  in  the  dif* 
ibrent  classes  of  animals.  Urea  appears  to  be  a  constituent  of 
the  urine  of  all  animals,  so  far  as  it  has  hitherto  been  eva* 
mined ;  but  the  uric  acid  is  not  found  in  herbivorous  qnadru* 
peds,  the  urine  of  which  contains,  instead  of  it,  a  large  pro- 
portion of  benzoic  acid.  That  of  the  horse  and  of  the  rabbit 
are  remarkable  for  becoming  milky  after  being  voided,  in  con«- 
sequence  of  the  deposition  of  carbonate  of  lime.  The  urine 
of  the  rabbit  contains,  also»  carbonates  of  magnesia  and  po- 
tassa,  and  sulphates  of  potassa  and  lime.  The  urine  of  the  cow, 
besides  a  larger  proportion  of  benzoic  acid,  holds  in  solution 
carbonate  and  sulphate  of  potassa  and  muriate  of  potassa.«-i-Tbe 
urine  of  domestic  fowls,  which  is  voided  through  the  pame 
passage  as  the  excrement,  was  found  by  Fourcroy  and  Van* 
quelin,  and  more  lately  by  Chevreul,  to  contain  uric  acid. 
And  Dr.  Wollaston  has  determined  the  proportion  of  uric 
acid  to  be  greatest,  in  the  urine  of  birds  that  feed  on  anu 
mal  food.  In  the  hawk,  fed  on  flesh  only,  it  was  remarkably 
abundant ;  and  the  gannet,  feeding  solely  on  fish,  discharged 
no  solid  matter  except  uric  acid.*  The  uric  acid  has  been 
found,  also,  by  Dr.  Proutf  to  constitute  upwards  of  90  per 
oent  of  the  excrement  of  an  animal,  belonging  to  a  diftrent 
class,  the  serpent  called  baa  Cfmiridar.    Mr.  Drande^  some 

•  Wui.  Trans.  1810.  f  Thomson's  Annalf,  v.  418. 
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yean  Ag(^  discovered  it  in  the  urine  of  the  camel.  But,  on 
the  other  hand,  Vauquelin  has  proved  that  it  is  entirely  absent 
from  the  urine  of  the  lion  and  tiger,  though  fed  on  fleshy  and 
though  their  urine  abounds  in  urea.* 

UanvAttT  CALCULI*  Connected  with  the  analysis  of  uritie 
is  that  of  the  concretions,  which  are  found  in  the  bladder^ 
and  which  occasion  a  disease,  equally  formidable  from  its 
symptoms,  and  its  remedy.  Little  was  known  respecting  tlieir 
chemical  composition,  till  the  time  of  Scheele ;  to  whom  we 
owe  on  this^  as  on  many  other  subjects,  the  first,  and  there* 
fore  the  most  difificult  steps  towards  accurate  analysis.  By 
the  discovery  of  the  uric  (or»  as  he  termed  it,  liihk)  acid  ill 
one  of  the  most  common  varieties  of  calculus,  and  in  the  or* 
dinary  urin^  he  paved  the  way  to  every  thing  that  has  been 
since  ascertained,  respecting  other  varieUes;  and  hisexperi*" 
ments  have  been  most  ably  followed  up  by  those  of  Dr.  Wol« 
laston,  and  of  Fourcroy  and  Vauquelin.  It  is  but  justice  to 
Dr.  Wollaston,  however,  to  state,  that  the  principal  distinc* 
tions  of  the  several  species  of  calculus  were  pointed  out  by 
him  in  the  year  1797,t  in  a  memoir  not  less  distinguished  by 
the  importance  of  its  facts,  than  by  the  simplicity  with  which 
they  are  narrated.  Two  years  afterwards  the  experiments  of 
Fourcroy  and  his  associate  were  communicated  to  the  Naticnal 
Institute ;  so  that  the  title  to  priority  unquestionably  belongs 
to  our  own  countryman.  Several  valuable  additions  have  bten 
since  made  to  our  knowledge  of  the  subject  by  Dr.  PeareoOf 
Mr.  Brande^  and  others;  and  an  excellent  history  of  M.  that 
was  before  known,  combined  with  much  original  matter^  has 
been  contributed  by  Dr.  Marcet4  In  the  plates,  which  are 
annexed  to  this  work,  will  be  found  tlie  most  exact  represent 
Utions  of  the  several  varieties  of  urinary  concretions^  that  hAve 
yet  been  published.  A  great  deAl  of  important  information 
respecting  the  chemical  history  of  the  urine»  and  of  the  con* 
crteiions  formed  from  it>  may  be  found  also  in  Dr.  Prout's 


•  82  Ann.  de  Chim.  199. 

t  See  the  Philosophical  Transactions  for  that  year. 
X  «  Ato  Essay  on  the  Chemical  History  and  Medical  Treatment  of  CaK 
culoos  Disorders."    8vo.  I#Midoa|  18  IT. 
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<<  Inquiry  into  the  Nature  and  Treatment  of  Gravel,  Calcu* 
lus,""  &c.  publiehed  in  1821. 

The  ingredients  of  urinary  calculi  are  much  less  numerous 
than  those  of  the  urine.  The  following  api^ear  to  be  the  only 
substances,  the  existence  of  which,  in  concretions  of  this  sort^ 
is  sufficiently  established ;  viz,  uric  or  lithic  acid ;  phosphate  of 
lime;  ammoniaco-magnesian  phosphate;  oxalate  of  lime; 
silicaK;  and  an  animal  matter,  which  serves  the  purpose  of  a 
cement  to  the  earthy  ingredients.  To  these,  Proust  added 
the  carbonate  of  lime;*  and  its  presence  in  some  cases  has 
been  lately  fully  demonstrated.  The  ingredients  of  rarer 
occurrence  are  the  cystic  oxide  of  Dr.  Wollaston,  and  the 
xanihic  oxide  of  Dr.  Marcet.  It  is  scarcely  ever  that  any 
of  these  substances  is  found  singly.  Nevertheless,  the  pre- 
dominance of  some  one  of  them  gives  to  the  concretion 
its  peculiar  characters ;  and  determines  the  genus  to  which 
it  should  be  assigned.  Several  arrangements  of  urinary  cal- 
culi have  been  contrived.  Fourcroy  and  Vauquelin  have 
enumerated  three  genera,  which  they  have  divided  ngain 
into  no  less  than  twelve  species.  In  these  subdivisions, 
however,  several  minute  differences  have  been  attended  to, 
which  are  scarcely  sufficient  grounds  for  specific  distinctions; 
and  it  appears  to  me  sufficient  for  every  purpose  of  arrange* 
ment  to  class  them  under  the  following  heads. 

I.  Calculi  which  are  chiefly  composed  of  uric  acid  or  urate 
of  ammonia : 

IL  Calculi  principally  composed  of  the  ammoniaco-mogne- 
sian  phosphate: 

III.  Calculi  consisting,  for  the  most  part,  of  phosphate  of 
lime: 

IV.  Calculi  containing  principally  carbonate  of  lime: 

V.  Calculi  which  derive  their  characteristic  property  from 
oxalate  of  lime;  and 

VI.  Calculi  composed  of  the  substance  discovered  by  Dr. 
Wollaston,  and  called  by  him  cyslic  oxide, 

I.  The  calculi  composed  entirely  of  uric  acid  are  of  very  rare 
occurrence;  but  those^  in  which  it  prevails,  and  gives   the 

*  Annales  de  Cbiniie.  ixxvi. 
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cliaracter  of  the  species,  form  a  very  considerable  proportion, 
perhaps  one  half,  of  urinary  concretions.  Calculi  of  this  kind 
are  of  various  sizes,  from  that  of  a  bean  to  that  of  a  large  egg. 
Thdr  shape  is  most  commonly  a  flattened  oval ;  but  'when 
more  than  one  are  found,  they  acquire,  by  friction  against 
each  other,  several  sides  and  angles.  The  best  view  of  their 
internal  structure  is  obtained  by  sawing  them  through  their 
longest  and  widest  diameter,  when  they  exhibit  generally 
a  central  nucleus,  of  more  compact  texture,  and  greater 
hardness  and  lustre,  than  the  rest  of  the  stone;  but  generally 
of  the  same  figure.  From  this  to  the  circumference,  a  number 
of  distinct  layers  are  perceived;  and  these  layers,  when  the 
calculus  is  broken,  exhibit  a  radiated  structure,  the  radii  con- 
verging towards  the  centre.  The  harder  varieties,  when  di- 
vided by  the  saw,  admit  of  some  degree  of  polish,  and  bear 
a  considerable  resemblance  to  wood.  Their  colour  is  various, 
but  generally  of  different  shades  of  yellow,  from  pale  straw 
yellow  to  a  deep  shade  of  that  colour,  approaching  brown  or 
sometimes  brown  with  a  mixture  of  red.  Their  specific  gra- 
vity, according  to  Fourcroy,  varies  from  1.276  to  1.786 ;  but 
generally  exceeds  1.500. 

The  chemical  characters  of  calculi  of  this  kind  resemble 
those  of  the  uric  acid.  When  burned  in  a  crucible,  they  emit 
the  smell  of  horn,  and  are  almost  entirely  consumed ;  a  black 
dense  coal  remaining,  which  amounts  to  about  -|^th  the  weight 
of  the  calculus.  They  dissolve,  either  wholly  or  in  great 
measure,  in  solutions  of  pure  potassa  and  pure  soda,  and  are 
precipitated  again  by  acids.  A  very  striking  property  of  this 
sort  of  concretions  is,  that  when  a  few  grains  are  heated  on  a 
watch  glass  with  a  small  quantity  of  nitric  acid,  and  the  mix- 
ture evaporated  to  dryness,  a  beautiful  red  substance  remains, 
which  dissolves  in  water  and  tinges  the  skin  of  the  same  colour. 

The  red  sand,  voided  occasionally  in  considerable  quantity, 
and  constituting  one  of  the  forms  of  the  disease  called  the  gra^ 
velj  is  uric  acid  very  nearly  pure.  It  is  probably  liberated 
from  urate  of  ammonia  by  a  free  acid  generated  in  the  kidneys, 
just  as  it  is  precipitated  by  adding  any  acid  to  urine  recently 
voided.  The  acid  precipitating  gravel  in  the  kidneys  may  be 
either  the  phosphoric,  nitric,  or  purpuric    (Prout,  p.  127.) 
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The  urate  or  liihaie  o/*  ammonia  calculus  is  getierally  of  a 
day  Golouri  with  a  smooth  and  sometimes  tuberculated  surfiusew 
It  is  composed  of  ooocentric  layers,  and  its  fracture  is  very 
fine  earthy,  resembling  that  of  compact  lime-stone.  It  Is 
smaili  and  in  its  pure  state,  rather  uncommon ;  but  urate  of 
ammonia  often  occurs  with  uric  acid  forming  a  mixed  calcolusi 

In  chemical  characters^  it  closely  resembles  the  last  species^ 
Before  the  blotr^pipe,  however,  it  decrepitates  strongly.  It 
is  much  more  soluble  in  water  than  uric  acid  calcnlus,  and 
always  emits  a  smell  of  ammonia  with  caustic  potassa.  It 
readily  dissolves  also  in  alkaline  sub-^carbonatesi  which  the 
uric  qieotes  does  not.     (Prout,  p.  84.) 

II.  The  anifmmia€0-nuignesian  p/mpAate,  or  triple  calaUkSf 
is  scarcely  ever  found  without  an  admixture  of  some  other  sub« 
stance,  especially  of  phosphate  of  lime«  Calculi  of  this  sort 
are  easily  discriminated  from  those  of  the  first  species,  by 
their  colour,  whidi  is  white,  generally  pure  white.  They  at« 
tain  a  much  greater  sise  than  uric  acid  calculi ;  and|  in  one  or 
two  instancesi  have  increased  so  as  to  fill  the  whole  capacity 
of  the  bladder^  The  lay^v  are  distinguishable  only  by  dif* 
ferent  degrees  of  hardness  and  density ;  and  small  cells  are 
often  formed  by  the  interrupted  depositioh  of  these  layirs, 
which  ate  lined  with  sparkling  crystals.  The  calculi  of  thie 
kind  are  soft»  and  their  powder  dissolves  sufficiently  in  the 
mouth,  to  give  a  distinct  sweetish  taste,  llie  same  substance 
is  sometimes  voided,  also^  in  the  state  of  gravely  constituting 
perfectly  white  shining  crystals. 

Boiling  water  acu  upon  the  ammoniaco-magnesian  phot- 
phate ;  and  the  calculus  loses  about  -^  of  its  weight,  which  is 
deposited  on  cooling,  in  the  form  of  shining  crystalsi  When 
exposed  to  heat  it  first  becomes  black,  emits  a  smell  of  ammo- 
nia, and  a  white  powder  is  left,  which  fuses  imperfiectly  when 
the  heat  is  more  strongly  urged.  Most  acids  (even  sulphuric 
acid  of  the  specific  gravity  1.090)  dissolve  it  rapidly,  and  de» 
posit  it  again  on  the  addition  of  alkalis.  Pore  alkalis  do 
not  dissolve  it,  but  disengage  ammonia.  To  extract  the  phos- 
phoric acid,  Dr»  WoUaston  dissolved  the  calculus  in  acetic 
acid,  and  precipitated  the  phosphoric  acid  by  an  excess  of 
acetdte  of  lead.  To  the  dear  iiquor^  sulphuric  acid  wasadd«d| 
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which  threw  down  the  excess  of  lead,  and,  at  the  same  time, 
formed  sulphate  of  magnesia.  Evaporation  to  dryness  re« 
moved  the  acetic  acid ;  and,  by  raising  the  heat,  the  sulphate 
of  ammonia  and  excess  of  sulphuric  acid  were  expelled;  leav* 
ing  the  sulphate  of  magnesia  pure,  and  capable  of  forming 
crystals  by  solution  and  evaporation. 

III.  The  third  species  of  calculus,  composed  chiefly  of 
pliospkate  of  lime,  is  usually,  on  its  outer  suiface,  of  a  pale 
brown  colour,  and  so  smooth  as  to  appear  polished.  When 
sawed,  it  is  found  to  be  regularly  laminated,  and  the  layers 
adhere  so  slightly,  as  to  be  readily  separated  into  concentric 
coats.  Internally  the  colour  is  white,  but  not  of  that  pure 
and  brilKant  kind,  which  distinguishes  the  ammoniaco-mag- 
nesian  phosphate.  The  small  crystals,  also,  which  occur  iu 
the  former  varie^,  are  never  found  in  this;  and  its  powder, 
when  rubbed  between  the  fingers,  is  considerably  more  harsh 
and  rough. 

The  phosphate  of  lime  calculus  dissolves,  though  slowly,  in 
diluted  nitric,  muriatic,  and  acetic  acids  (but  not  in  the  sul* 
phuric  acid  of  the  specific  gravity  1 .020),  and  is  precipitated 
iwchanged  by  alkalis.  A  small  fragment  put  into  a  drop  of 
muriatic  acid,  on  a  piece  of  glass  over  a  candle,  is  soon  dis- 
solved ;  and,  when  the  acid  is  evaporated,  crystallizes  in  needles, 
whidi  make  angles  of  60^  and  120°  with  each  other.  This 
property  Dr.  Wollaston  considers  as  a  very  delicate  test  of 
the  pliospbate  of  lime.  When  exposed  to  the  blow-pipe,  it 
first  blackens,  but  soon  becomes  white,  and,  by  intensely 
urging  the  flame,  may  at  length  be  fused.  When  the  phos* 
phate  of  lime  and  ammoniaco-magnesian  phosphate  exist  to- 
gether, they  compose  a  calculus,  a  fragment  of  which  may 
be  melted  with  great  ease  by  the  blow-pipe  iuto  a  vitreous 
globule ;  and  which  has  therefore  been  called  by  Dr.  Wollas- 
ton, the  fusible  calculus.  This  calculus,  when  pulverized  and 
acted  upon  by  acetic  acid,  is  only  partially  dissolved,  the  ara- 
inoniaco-magnesian  phosphate  being  taken  up  by  the  acid, 
and  the  phosphate  of  lime  left.  In  tliis  way,  it  is  easy  to 
ascertain  the  proportion  of  the  two  phosphates. 

IV.  Carbonate  vf  lime  has  been  found,  though  rarely,  com- 
posing small,  perfectly  white,  and  very  friable  calculi.    This 

VOL.  IT.  2   fi 
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WAS  the  appearance  of  some  examined  by  Dr.  Prout.  Dr. 
Gilby  of  Clifton  bat  detected  it  in  four  instances,  and  Mr. 
Smith  of  Bristol  has  related  another,  in  which  calculi,  com^ 
poaed  chiefly  of  carbonate  of  lime  held  together  by  animal 
mocvs,  were  taken  from  the  bladder  of  a  boy.  (Medico*Cbir. 
Trans,  xi.  14.)  These  calcali,  however,  bad  nearly  the  colour 
of  mulberry  calcnli. 

V.  Calculi  of  the  fifth  kind,  though  their  composition  waa 
not  ascertained,  have  been  long  distinguished  from  others, 
'  by  the  peculiarities  of  their  external  characters,  under  the 
name  oSmiMerry  calculu  This  epithet  has  been  derived  from 
their  resemblance  to  the  fruit  of  the  mulberry.  They  are 
usually  of  a  msch  darker  colour  than  the  other  varieties,  and 
are  covered,  generally,  with  a  number  of  projecting  tubercles ; 
but  the  species  comprehends,  also^  some  perfectly  smooth 
concretions  of  a  pale  colour.  Their  hardness  greatly  exceeds 
that  of  the  other  kinds ;  for  it  is  not  easy  to  reduoe  them  to 
powder  by  scraping  with  a  knife.  They  have  also  a  greater 
degree  of  specific  gravity,  varying,  according  to  Fourcroy, 
from  1.428  to  1.976. 

Calculi  of  this  species,  when  pulverized,  are  soluble  in  mn* 
riatic  and  nitric  acids ;  but  not  unless  the  acids  are  conceiH 
trated  and  heated.  The  solution  by  muriatic  acid  has  a  deep 
brown  colour,  but  deposits  white  crystals  on  cooling.  Pura 
alkalis  do  not  decompose  this  variety  of  calculus;  but  when 
it  is  digested  with  alkaline  carbonates,  the  oxalic  acid  is  6ep»* 
rated,  and  replaced  by  carbonic  acid.  To  exhibit  the  oxalie 
acid  In  a  separate  state,  the  oxalate  of  potassa  may  be  decora^ 
posed  by  acetate  of  baryta  or  super*aoetate  of  lead,  and  the 
oxalate  of  lead  or  baryta  by  sulphuric  acid.  This  is  the  pr«^ 
eess  of  Fourcroy ;  but  Dr.  WuUaston  disengaged  the  oxalic 
acid  by  the  direct  addition  of  sulphuric  acid  to  the  pulverized 
iralculus,  and  the  crystallization  of  the  acid  wbidi  was  thus 
tietached. 

Tlie  presence  of  lime,  in  this  variety  of  calculus,  is  demoiH 
strnted,  in  a  very  simple  manner,  by  burning  it  in  a  crucible^ 
and  strongly  calcining  the  residuum,  or  by  exposure  to  the 
blow-pipe.     By  the  aildition  of  water,  we  obtain  lime-water. 
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Silica  is  a  yerj  rare  ingredient,  and  has  been  discovered  in 
calculi,  in  one  or  two  instances  only. 

VL  A  new  species  of  calculus  from  the  human  bladder  iras 
discovered,  by  Dr.  Wollaston,  about  the  year  ISOB.  It  ap- 
pears to  be  extremely  rare;  for  in  1810,  when  its  properties 
were  first  described  in  the  Philosophical  Transactions,  only 
two  instances  of  it  had  occurred  to  its  discoverer.  With  the 
asfibtance  of  Dr«  Wollaston's  clear  and  accurate  description^ 
and  of  the  proper  experiments^  I  have  recognised  two  other 
examples,  in  a  collection  of  calculi  now  in  my  possession ;  and 
Dr.  Marcet  has  since  detected  it  in  no  less  tlian  three  inr 
stances.^ 

In  extemal  appearance,  these  cakuli  resemble  more  nearly 
the  triple  phosphate  of  magnesia  than  any  other  sort  of  cal<- 
culos  $  but  they  are  more  compact,  and  do  not  consist  of  dia* 
tinct  laminas^  but  appear  as  one.mass,  confusedly  crystallised 
throBghoQt  its  substance.  They  have  a  yellowish  semitrans* 
parency,  and  a  peculiar  glistening  lustre^  like  that  of  a  body 
having  a  high  refractive  density. 

Under  ^e  blow«pipe»  the  new  calculus  gives  a  peculiarly 
fioetid  smell,  quite  distinct  from  that  of  uric  acid.  Distilled  in 
close  vessel^  it  yields  ibetid  carbonate  of  ammonia,  partly 
solid  and  partly  fluid,  and  a  heavy  fintid  oil;  and  there  re- 
mains a  black  spongy  coal,  much  smaller  in  proportioQ  duni 
from  uric  acid  calculi. 

It  is  so  readily  acted  upon  by  chemical  agents,  thai  ifs  cha^ 
racteni  are  best  taken  from  an  enumeration  of  the  few  Mble 
powecs,  which  it  can  resist  These  are  waiter,  alcolxd,  acetic, 
tartaric^  and  citric  acids,  and  saturated  carbonate  of  ammo* 
nia;  aU  which*  are  incapable  of  dissolving  it,  except  in  very 
minote  proportion. 

Its  solvents,  on  the  other  hand,  are  iar  more  nomerous. 
It  is  abundantly  dissolved  by  muriatic,  nitric,  sulphuric^  phos- 
phoric, and  oxalic  acids ;  by  potassa,  soda,  ammonia,  and  Hme 
water;  and  even  by  fully  saturated  carbonates  of  potassa  and 
soda.  When,  therefore,  it  is  intended  to  separate  it  from 
acids,  the  carbonate  of  ammonia  is  best  adapted  to  the  pur** 

•  On  Uriimrj  Calcoli,  p.  S^, 
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pose ;  and)  for  the  same  reason,  the  acetic  and  citric  acids  are 
best  suited  to  precipitate  it  from  alkalis. 

Its  combinations  with  acids  cry8talli2e  in  slender  spifiulee, 
radiating  from  a  centre,  which  readily  dissolve  again  in  water. 
Its  compounds  with  alkalis  form  small  granular  crystals. 

As  this  substance  does  not  affect  vegetable  colours,  and  has 
all  the  chemical  habitudes  of  an  oxide,  Dr.  Wollaston  distin- 
guishes it  by  the  name  of  Cystic  Oxide^  This  name  it  is  not 
worth  while  to  alter,  though  Dr.  Marcet  has  lately  met  with 
instances,  in  which  its  origin  may  be  clearly  traced  to  the  kid- 
neys  and  not  to  the  bladder. 

VII.  Amongst  the  urinary  calculi  examined  by  Dr.  Maroet, 
were  two,  the  properties  of  which  were  found  to  differ  from 
those  of  every  known  species.  The  first  was  of  a  reddish  or 
einnamon  colour;  was  soluble  in  acids,  though  less  readily 
than  in  alkalis;  and  gave  with  nitric  acid  a  solution  which, 
when  evaporated  to  dryness,  had  the  remarkable  property  of 
assuming  a  bright  lemon  colour.  It  was  distinguished  from 
cystic  oxide,  by  being  much  less  soluble  in  acids ;  and,  from 
uric  acid,  by  considerably  greater  solubility  in  water.  From 
the  colour  which  it  affords  with  nitric  acid^  Dr.  Maroet  lias 
applied  to  it  the  term  otXanthic  Oxide j  from  iocAo^,  yellow). 

The  other  calculus  exhibited  a  train  of  properties,  oorre- 
qxmding  exactly  with  those  of  fibrine;  and  should  other  ex- 
amples of  a  similar  kind  occur,  they  may  be  distinguished. 
Dr.  Marcet  thinks,  by  the  epithet  Jfirmouf  calciilL* 

Such  are  the  principal  kinds  of  urinary  concretions.  If 
any  addition  were  made  to  the  five  classes,  under  which  they 
have  been  arranged,  I  would  propose  to  add  two  others;  the 
sixth  comprehending  those  calculi,  which  contain  several  of 
the  foregoing  ingredients,  in  such  a  state  of  admixture  as  not  to 
be  distinguishable  without  chemical  analysis ;  and  the  seventh 
those,  in  which  the  different  substances  are  disposed  in  dis-> 
tinct  layers  or  in  concentric  strata.  It  may  be  proper,  how- 
ever, to  give  an'  outline  of  the  classification,  proposed  by 
Fourcroy  and  Vauquelin,  after  the  analysis  of  more  than  60O 
of  these  concretions. 

*  On  Urinary  Calculi^  cbnp.iv. 
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Genus  I. — Calculi  composed  chiefly  of  one 

INGREDIENT. 

Species  I.  Calculus  of  uric  acid. 

2.  __—.--_-  urate  of  ammonia. 

3.  — — —  carbonate  of  lime. 
I".  ■  oxalate  of  lime. 

Genus  II. — Calculi  composed  of  two  ingrbdibnts. 

Species  I » — Calculus  of  uric  acid  and  earthy  phosphates  in 
distinct  layers. 

2.  Calculus  of  uric  acid  and  earthy  pbos(diates  inti- 

mately mixed. 

3.  ' of  urate  of  ammonia  and  the  phosphates 

in  layers. 

4., ,  of  the  same  ingredients  intimately  mixed. 

5, of  earthy  phosphates  mixed   or  else   in 

fine  layers. 
(5.  M  of  oxalate  of  lime  and  uric  acid  in  distinct 

layers. 
7.  .  of  oxalate  of  lime  and  earthy  phosphates 

in  layers. 

Genus  III.*— Calculi  composed  of  three  or  four 

INGREDIENTS. 

Species  1. — Calculus  of  uric  acid  or  urate  of  ammonia,  earthy 
phosphates,  and  oxalate  of  lime. 
2.  »  of  uric  acid,  urate  of  ammonia,  earthy 

phosphates,  and  silex. 

The  urinary  concretions,  which  have  been  extracted  from 
the  bladders  of  inferior  animals,  differ  from  tliose  of  the  hu- 
man subject  in  containing  no  uric  acid,  and  in  consisting  for 
the  most  part  of  carbonate  and  phosphate  of  lime,  cemented 
by  animal  matter. 
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SECTION  VI. 

Of  Bones  J  Sliellsj  Crusts^  Horn,  and  Cartilage. 

The  bones  of  animals  are  composed  partly  of  earthy  salts, 
which  give  them  solidity  and  hardness^  and  partly  of  animal 
matter,  which  serves  the  purpose  of  a  cement,  and  keeps  the 
earthy  iogredienis  in  a  state  of  union.  By  long  continued 
boiling,  a  large  part  of  the  animal  matter  is  extracted,  and  a 
solution  is  obtained,  which  concretes,  on  cooling,  into  a  gela- 
tinous mass.  Hence  bones  contain  gelatine  as  one  of  their 
ingredients.  But  besides  this  animalized  substance,  another 
is  discovered  by  the  slow  action  of  diluted  nitric  or  muriatic 
acid.  Either  of  these  acids  dissolve  both  the  earthy  salts  and 
gelatine ;  and  a  soft  flexible  substance  remains,  retaining,  in 
a  great  measure,  the  shape  of  the  original  bone.  This  soft 
and  spongy  substance  seems  to  be  analogous  to  cartilage;  and 
is  essential  to  the  constitution  of  all  organized  bones  and 
shells.  Its  production  appears  to  be  the  first  step  in  the  form- 
ation of  bone,  and  of  the  other  hard  coverings  of  animals. 
In  chemical  composition,  it  has  been  found  by  Mr.  Hatchett 
(to  whom  we  owe  its  discovery)  most  to  resemble  coagulated 
albumen. 

Besides  the  marrow,  which  is  lodged  in  the  hollow  cavities 
of  bones,  they  contain,  in  the  most  hard  and  solid  part  of 
their  substance,  a  proportion  of  oil.  This  oil  makes  its  ap- 
pearance in  a  hard  and  suetty  form,  on  the  surface  of  the 
gelatinous  mass  extracted  by  boiling.  It  exudes,  also,  from 
the  bones  of  recent  anatomical  preparations ;  and  a  portion 
of  it  passes  over,  in  a  separate  but  altered  state,  when  bones 
are  submitted  to  distillation.  By  this  process,  bones  are  de- 
prived, not  only  of  their  oily  part,  but  the  other  animal  sub- 
stances which  they  contain  are  decomposed ;  a  quantity  of  car- 
bonate of  ammonia  is  generated;  and  in  the  retort  there  re- 
mains the  earthy  ingredients  blackened  by  charcoal.  By  a 
farther  combustion  in  the  open  air,  this  charcoal  is  destroyed ; 
and  the  earthy  ingredients  are  lefl  in  a  perfectly  white  state. 
In  this  way  large  quantities  of  bones  are  distilled  for  the  sake 
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of  Ihe  caiix>iiate  of  0miiioiiia»  which  is  afterwards  applied  In 
making  the  muriate  of  that  alkali.  The  animal  oil  (formerly 
used  in  medicine,  under  the  name  of  DippeVs  qU)  is  iiow>  oil 
account  of  its  offensive  smell,  which  unfits  it  for  most  other 
purposes,  chiefly  converted  into  lamp-black. 

When  dilated  muriatic  or  nitrip.acid  i?  ppiired  upon  the 
white  ^shes  of  bones,  an  efiervescenc^  takes  place^  and  naarty 
the  whole  is  dissolved.  SoluUon  of  pure  ammonia,  added  tp 
the  filtered  liquid,  precipitates  a  white  earth  in  great  abund- 
ance ;  but  after  it  has  ceased  to  produce  any  eflbct,  the  addih* 
tion  of  carbonate  of  ammonia  occasions  a  fresh  precipitation. 
What  is  thrown  down  by  the  pure  alkali  is  composed  of  phoA^ 
phate  of  lime  and  a  small  quantity  of  phosphate  of  magnesia ; 
and  the  precipitate  by  the  mild  alkali  is  the  carbonate  of  lime. 
The  proportions,  deduced  from  the  analysis  of  ox-bones  by 
Fourcroy  and  Vauquelin,  are  the  following :  ~ 

Animal  matter  ••••••••••  51 

Phosphate  of  lime 87.7 

Carbonate  of  lime 10 

Phosphate  of  magnesia  •  • ,  •     1.3 

100.      ' 

Human  bones  were  found  by  Fourcroy  and  Vauquelin  (who 
have  given  a  good  general  formula  for  the  analysis  of  bwes*) 
to  contain  some  iron  and  manganese^  and  a  larger  proportion 
of  magnesia  than  eacists  in  the  bones  of  herbivorous  qUadruh 
peds.  This,  indeed,  might  have  been  expected  from  tlie 
large  quantity  of  magnesia,  which  is  constantly  passing  off 
in  human  urine,  but  not  in  that  of  other  animals.  Alumine 
and  silex  were,  also,  found,  by  the  same  chemists,  in  human 
bones.  Hildebrandt,  however,  has  lately  analyzed  human 
bones,  without  being  able  to  discover  magnesia  in  them.f 

Besides  the  above  ingredients,  Mr.  Hatchett  discovered  in 
bones  a^  minute  quantity  of  sulphate  of  lime ;  and  Berzelius 
has  detected  a  combination  of  fluoric   acid   wijih  tlie  aaine 

•  79  Ann,  de  China.  98^.  f  89  Ann.  de  Ctiim.  199. 
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eftrlbf  which  Morocchini  bad  previously  found  in  enamel. 
Berzelius  has  given  the  following  tabular  view  of  the  results 
pf  his  analysis.* 

Diy  Enamel  Enamel 

Human       of  Human      Dry  Ox  of  Ox 

Bones.  Teeth.  Bones.  Teeth. 


•  .  S2.17  ..     — -   ..  38.30  ..  S.56 

«•       1»12>  ••      ""^    •  •       ■"  •  •  '  ' ' 

..     2.0  ..    3.2  ..     2.90  ..  4.0 

..  51.04  ..  85.3  ..  55.45  •.  81.0 

..  11.30  ..    8.0  ..     3.85  ..  7.10 

..     1.16  ..     1.5  ..     2.05  ..  3.0 


Cartilage  •••••«•• 
Blood  vessels  .... 
Flnateof lime  •• .. 
Phosphate  of  lime . 
Carbonate  of  lime  • 
Phosphate  6[  magnesia 

Soda,inumteof8oda,\  ,  g^         2.0..     2.45   ..     1.34 

woter^  &c J 

100.  100.        loo.  100. 

Human  teeth  are  composed^ of  the  same  ingredients  as  the 
enamel,  and  in  the  same  proportion,  except  that,  in  addition 
to  other  ingredients,'  they  contain  cartilage.  This  cartilagi- 
nous basis  Mr.  Hatchett  found  to  remain  in  the  original 
shape  of  the  tooth,  after  removing  the  other  component  parts 
by  diluted  nitric  acid.  The  enamel,  on  the  contrary,  dissolves 
entirely  in  diluted  nitric  acid,  and  is,  therefore,  free  from  car- 
tilage. But  it  probably  contains  gelatine,  and  to  the  solution 
of  this  animal  substance  (which  is  not  afterwards  precipitable 
by  alkalis)  may  perhaps  be  ascribed  the  loss,  which  forms 
part  of  the  following  results  of  the  analysis  of  enamel  ob- 
tained by  Mr.  Pepys.  He  found  the  enamel  of  human  teeth 
to  consist  of 

Phosphate  of  lime 78 

Carbonate  of  lime.  •  •  • .  • 6 

Loss  and  water 16 

100 

The  substance  of  the  teeth  Mr.  Pepys  found  to  be  com- 
posed as  follows : 

*  Annales  de  Cfaimie,  Ixi.  257. 
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RooUofUie  Ttetbof         First  Teeth  of 

Teetb.  Adultii.  Children.     • 

Phosphate  of  lime.  ..\..  58  .64  63 

Carbonate  of  lime 4  6  6 

Cartilage 28  20  20 

Loas 10 10  12 

100  100  100 

The  ahelb,  with  which  several  marine  and  ako  some  land 
animals  are  covered,  have  been  divided  by  Mr.  Hatchett  into 
two  classes.  The  first,  irom  their  resemblance  ta  porcelain, 
be  has  termed  porcellaneons  shdls.  To  this  class  belong  the 
several  species  of  vobilOf  cyprcea^  &c.  The  second  class  ap>- 
proach  in  their  characters  to  mother  of  pearU  The  lAell  of 
the  fresh  water  mnscle,  and  of  the  oyster,  may  be  arranged 
under  this  head ;  and  pearl  itself  has  the  same  characters  and 
chemical  composition.  Comparing  the  experiments  on  both 
classes,  Mr.  Hatchett  concludes  that  porcellaneous  shells  con- 
sist of  carbonate  of  lime,  cemented  by  a  very  small  portion 
of  animal  matter;  and  that  mother  of  pearl  and  pearl  do  not 
differ  from  tiiese,  except  in  containing  a  smaller  proportion 
of  carbonate  of  lime.  This,  instead  of  being  merely  co» 
mented  by  animal  matter,  is  intermixed  with  and  serves  to 
harden  a  membranous  or  cartilaginous  substance  which  is  ca- 
pable of  retaining  its  form,  after  the  removal  of  the  earthy 
ingredient. 

The  covering  of  crustaceous  animals  (as  echini,  star-fish, 
lobsters,  crabs,  &c.)  differs  in  composition  from  marine  shells, 
and  approaches  tliat  of  the  eggs  of  birds.  The  shells  <rf* 
eggs,  Mr.  Hatchett  found,  are  composed  of  carbonate  of 
lime,  with  a  small  proportion  of  phosphate  of  lime^  cemented 
by  animal  matter.  Vauqueiin  has  lately  added,  to  these  in- 
gredients of  egg-shells,  carbonate  of  magnesia,  iron,  and  sul- 
phur.* 

Horn  differs  essentially  from  all  the  snbstances  that  hare 
been  described  in  this  section.  The  proportion  of  earthy 
matter  obtained  by  its  combnstlon,  scarcely  amounts  to  ^^ 

*81Aira.deChioi,d04. 
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part     It  appears  to  conriat  principally  of  gelatine  and  coa- 
gulated albumen. 

Of  Cartilage. 

Che^reul  has  analyaed  the  cartilage  of  the  sguabts  pere- 
grituis.  He  found  it  to  be  sparingly  soluble  in  water ;  the 
solution  was  viscid ;  foamed  on  agitation ;  restored  the  colour 
of  reddened  liimtu;  and  was  precipitated  by  sulpharic,  nitric, 
or  rnvriatic  acid»  an  excess  of  which  re-disstrfved  the  preci- 
pitate. Chloriiie  occasioned  a  deposit,  as  did  also  the  pro- 
nitrate  of  mercury  imd  the  sub-aoetate  of  lead.  lafiision  of 
galls  produced  only  a  slight  cloiid» 

Wiien  boiled  with  alcohol,  the  cartilage  shmnk  in  bulky 
«nd  beosnus  opaque  by  losing  water.  The  first  washings  had 
ihe  colour  of  ammoniuret  of  copper,  and  deposited  an  animid 
matter*  From  the  residue  of  the  evaporatioo  of  these  wash- 
ings, hydrate  oS  lime  disengaged  a  large  quantity  of  anip 
monia* 

Cartilage  dissolved  in  muriatic  acid,  and  the  solution  was 
precipitated  by  infusion  of  galls.  Nitric  acid  dissolved  it,  and 
when  evaporated,  gave  oxalic  acid,  nitrate  of  soda,  a  yellow 
matter,  different  from  that  of  Welther,  and  an  odorous  oiL 

By  destructive  distillation,  it  gave  the  ordinary  productu 
of  animal  substances. 


SECTION  VII. 

O/Miiscle,  Membrane^  Tendon^  Ligament. 

Tus  nuisctdar  Jiesh  of  animals  consists  chiefly  of  the  pe- 
cutiar  substance,  which  has  been  already  described  under  the 
name  of  Fibrin.  Though  generally  of  a  reddish  colour;  yet, 
essentiaUy,  muscular  fibre  is  white,  audi  may  be  obtained  in 
this  state,  if  all  the  soluble  parts  be  first  washed  away  by 
long  continued  affusions  of  water,  which  acquire  a  daric  co- 
lour. The  solution,  if  concentrated  by  boiling,  gelatinates 
on  cooling;  and  hence  gelatine  appears  to  be  one  of  the  con- 
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fltittiaits  of  maflcle.  Albumen  is  another  ingredient,  and 
makes  its  appearance  by  a  deposition  of  coagulated  floccuB 
in  the  heated  watery  solution.  A  portion  of  fat,  also,  fre- 
quently concretes  on  cooling;  but  this  is  to  be  considered 
rather  as  an  accidental  admixture.  From  the  gelatine,  when 
evaporated  to  dryness,  alcohol  removes  a  peculiar  kind  of 
extract,  soluble  in  water  and  in  alcohol,  and  first  described 
by  Thouvenel.  The  entire  muscle,  when  calcined,  leaves 
about  5  per  cent,  of  its  weight  of  saline  matter,  composed 
chiefly  of  phosphates  of  soda,  ammonia  and  lime,  and  caiv 
bonate  oflime. 

Lean  flesh,  Berzclius  finds,  is  composed  of  nearly  three- 
fourths  its  weights  of  fluid.  This  fluid  contains  a  free  acid ; 
and  the  extract,  which  Thouvenel  described,  is  the  same  acid 
syrupy  mass,  which  is  met  with  in  milk  and  urine,  and  which 
consists  of  lactic  acid,  an  alkaline  lactate,  and  the  animal 
matter,  that  always  accompanies  the  lactates.  The  fluids  of 
muscle  abound  much  more  in  this  syrupy  extract,  and  contafh 
more  phosphate  of  soda,  than  the  blood.  The  solid  fibre  is 
interwoven  with  the  cellular  texture,  and  is  furnished  with 
minute  veins  and  nerves.  It  agrees,  in  chemical  properties, 
with  the  fibrin  of  the  blood ;  and  it  is  soluble,  except  the  cel- 
lular texture  of  veins  and  nerves,  in  acetic  acid.  By  boilhtg 
it  becomes,  like  the  fibrin  of  blood,  insoluble  in  acetic  acid, 
and  imparts  to  the  water,  with  which  it  has  been  boiled,  a 
constituent  part,  which  has  a  strong  and  pleasant  taste  of 
flesh,  and  cannot  be  gelatinized.  When  this  is  dissolved,  and 
mixed  with  the  uncoagulated  part  of  the  humours  of  the 
flesh,  it  forms  what  is  called  brotfi^  the  strength  and  taste  of 
which  depend,  not  only  on  the  dissolved  gelatine  of  the  cel- 
lular texture,  but  also  on  the  fibrin,  the  taste  of  which  it  re- 
tains. The  taste  does  not  depend  on  the  extractive  matter  of 
Thouvenel ;  for  flesh,  from  which  this  extrfict  has  be^i  se^ 
parated,  still  gives  a  palatable  though  colourless  soup.  -    ^ 

Considerable  diflerences  exist  in  tlie  colour  and  other  pro^ 
perties  of  the  muscular  flesh  of  different  animals;  but  the 
cause  of  these  diflerences  is  not  well  understood.  It  depends, 
most  probably,  on  the  proportion  which  the  fibrin,  albumen, 
and  other  principles  bear  to  each  other.    Gelatine  appears  td 
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be  most  nbundant  in  the  flesh  of  young  animals ;  aiul  albumen 
and  extract  in  that  of  old  ones. 

Tlie  iendonSf  or  sinews^  as  they  are  commonly  called,  are 
the  strong  cord»  in  which  muscles  terminate,  and  which  con- 
nect them  with  the  bones.  They  difler  from  muscle  in  the 
total  absence  of  fibrin ;  and  in  being  completely  soluble  in 
water  by  sufficiently  long  boiling.  The  solution  has  the  pro- 
parties  of  gelatine. 

The  ligameHis  are  eKcessively  strong  bands,  which  tie  the 
bones  together  at  the  different  joints.  They  are  in  a  great 
measure,  but  not  completely,  soluble  by  boiling  water ;  and 
contain,  therefore,  beside  gelatine,  some  other  animal  sub- 
stance, probably  coagulated  albumeu. 

Membratuis  are  thin  semi-transparent  substances,  which 
sometimes  form  bags  for  containing  fluids,  and  sometimes 
line  the  different  cavities  of  the  body.  They  are  for  the  most 
part,  though  not  entirely,  soluble  in  water;  and  are  com- 
posed, therefore,  chiefly  of  gelatine.  Hence  by  the  common 
process  of  tanning,  membranes  are  convertible  into  leather. 
There  is  an  essential  difference,  however,  between  cellular  or 
serous  membranes,  and  mucous  membranes.  The  latter  fur- 
nish no  gelatine  by  boiling;  and  are  sooner  destroyed  than 
any  animal  substance,  the  brain  excepted,  by  maceration  in 
water,  or  by  the  action  of  acids. 


SECTION  VIIL 

Of  the  soft  Coverings  of  Animals^  viz.  Nails^  Scales,  S/rw, 
Haitf  Feathers^  and  IVhoL 

The  nails  and  hoofs  of  animals  most  nearly  resemble  horn 
in  chemical  composition.  Their  basis  seems  to  be  a  series  of 
membranes  composed  of  coagulated  albumen,  in  which  is 
deposited  a  quantity  of  gelatine.  Long  boiling  does  not  en- 
tirely dissolve  them.  By  calcination  tliey  have  only  a  very 
small  proportion  of  earthy  matter. 

The  scales  of  serpents  also  resemble  horn  in  their  chemical 
composition  and  properties.    The  scales  of  fish,  on  the  con- 
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trary,  are  more  nearif  analogous  to  mother  of  pearl,  and  are 
cos^xNied  of  alternate  layers  of  membrane  and  phosphate  of 
lime. 

The  skin  constats  of  two  distinct  parts,  a  tough  white  mem- 
brane on  the  outside  which  is  almost  insensible,  and  an  in« 
ternal  one,  foU  of  blood  vessels  and  nerves,  and  distinguished 
by  great  sensibility.     Between  these  two,  in  the  human  body,  • 
is  a  soft  raucous  substance  called  rete  muoosum, 

1.  The  external  layer,  called  the  cuticle^  or  epidermis^  is  best 
separated  from  the  parts  beneath  by  the  action  of  a  blister.  It 
is  not  soluble  in  water,  nor  in  acids,  unless  they  are  sufficiently 
concentrated  to  decompose  it  Hence  it  diflbrs  from  gelatiiie. 
Alkalis  however  dissolve  it;  and,  in  this  respect,  it  agrees 
with  coagulated  albumen,  which  it  resemUes,  also,  in  receiving 

'a  yellow  tinge  from  nitric  acid. 

2.  The  cutis  vera,  which  lies  Jiieneath  the  cuticle,  consists  of 
a  number  of  fibres  crossing  each  other  in  varions  directions, 
and  has  considerable  firmness  and  elasticity.  Long  amtinued 
boiling  in  water  entirely  dissolves  it,  and  a  solution  is  obtained 
which  gelatinates  on  cooling,  or,  by  farther  evaporation,  may 
be  wholly  converted  into  glue. 

The  true  skin  is  composed,  therefore,  almost  entirely  of 
gelatine ;  but  under  some  modification  which  renders  it  inso* 
luble  in  water.  It  is  this  substance  that  adapts  the  skins  of 
animals  for  two  important  uses,  that  of  being  converted  mto 
leather  by  the  reception  of  the  tanning  principle^  and  that  of 
furnishing  glue. 

3.  Of  the  reie  mucosum  very  little  is  known.  It  is  that  part 
of  the  skin,  on  which  its  colour  depends;  and  by  the  suffi- 
ciently long  continued  application  of  chlorine  gas,  it  has  been 
found  that  in  the  negro  it  may  be  entirely,  but  not  perm»* 
nently,  deprived  of  its  colour. 

Hair  has  been  examined  with  considerable  attention  by 
Vauquelin.  He  effected  a  complete  solution  of  it  in  water  by 
using  a  Papin's  digester.  The  application  of  the  pro])er  tem- 
perature required,  however,  some  caution;  for  if  raised  too 
high,  the  hair  was  decomposed  and  gave  carbonate  of  am- 
monia, empyreumatic  oil,  and  sulphureted  hydrogen.  The 
solution  always  contained  a  sort  of  bituminous  oil,  the  colour  ^ 
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of  wbfch  approached  to  that  of  tbe  hair  which  had  been 
dissoWed.  After  separating-  this  oil,  the  solution  was  pre- 
cipitated by  infusion  of  galls  and  by  chlorine;  but  did 
not  gelatinate  on  oooliog.  Acids  occasioned  a  prccipttatei 
wUch  was  re-dissolved  by  adding  more  acid.  Silver  was  preci- 
pitated  from  Its  solutions  of  a  black  colour,  and  lead  of  a  brown* 

A  diluted  solution  of  potassa  dissolved  hair,  excepting  a 
little  oil,  sulphur,  and  iron;  and  the  oompoond  was  a  sortof 
soap.  The  oil,  if  red  hair  was  employed,  had  a  yellow  tinge. 
Alcohol,  also,  extracted  from  hair  a  portion  of  oil,  the  colour 
of  which  varied  with  that  of  the  hair. 

,  The  coal,  obtained  by  incinerating  hair,  afforded  phos* 
phate^  sulphate^  and  carbonate  of  lime,  ronriate  of  soda,  silica^ 
magnesia,  and  oxides  of  iron  and  manganese.  Tbe  whole  of 
these  substances  bore  a  very  small  proportion  to  the  hair,  and 
varied  in  hair  of  different  colours.  Hair,  therefore,  appears 
to  consist  chiefly  of  an  animal  matter  resembling  coagulated 
albumen ;  of  an  oil  of  various  colours ;  of  sulphur,  sDica^ 
carbonate  and  phosphate  of  lime ;  and  oxides  of  uron^  and 
maoganeae. 

Feathers  probably  agree  in  composition  with  hair.  The 
quill,  Mr.  Hatchett  has  shown,  consists  of  ooagnlated  albumen 
without  any  gelatine. 

ti^l  has  not  been  so  much  the  subject  of  experiment,  as 
from  its  great  importance,  it  deserves.  What  is  known  res- 
pecttDg  it  may  be  found  in  Bancroft's  and  Berthollet's  Trea« 
tises  on  Dyeing.  When  growing  upon  the  sheep^  it  is  enve» 
loped  in  a  soapy  matter,  from  which  it  requires  to  be  deansed 
bdbre  it  is  manufactured* 

Braoonnot  has  shown  that  by  the  action  of  sulphuric  add, 
wool  is  converted  into  the  peculiar  substance  called  leueine. 
The  ultimate  analysis  of  wool  has  been  performed  by  Dr.  Urey 
who  finds  it  to  consist  of 

Carbon   ....  10  atoms ....  60  55.00 

Oxygen  ....     4  ditto SS  29.40 

Hydrogen  . .     3  ditto S  ^.80 

Azote 1  ditto 14  12.80 

109  100* 
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Silk,  the  production  of  various. species  of  caterpUIars,  asd 
used  as  tbe  soft  covering  of  tbe  inseot  during  its  cbrysalia  states 
is  in  fine  tbreadsi  covered  with  a  sort  of  varnUb.  This  Tarnish 
is  soluble  in  boiling  water^  but  not  in  akob^l;-it  reseni* 
bics  gelatine  in  being  precipitable  by  tan  and  muriate  of  ti% 
but  differs  from  it  in  other  respects.  It  may  be  separated 
also  irow  silk  by  soap»  and  by  soap  leys.  It  amounts,  accord- 
ing to  Board,  to  23  per  cent*  of  the  weight  of  the  silk.  ( Auq^ 
de  Cbim»  lxv«)  Raw  silk,  also,  contains  a  portion  of  waxs 
which  disaolves  in  boiling  alcohol,  and  separates  as  the  alcohol 
cools. 

Silk  deaoaadfrooa  these  substances  has  been  but  imperfectly 
exafDintd-  It  is  inscduble  both  in  water  and  in  aloohoU  but 
dissolves  in  pure  alkalis  and  concentrated  acids.  By  tbe  action 
of  nitric  acid,  it  yields  the  peculiar  substance  described  under 
the  name  of  the  bitier  principle. 

Dr.  Ure  submitted  the  bleached  fibres  of  silk  to  decompo* 
sttian  by  peroxide  of  copper,  and  obtained  the  fbllowing  re* 
suits.     (PhiL  Trans.  1822.) 

Carbon 10  atoms ....  60  50^ 

Oxygen......    5  ditto 40  ......Si. 

Hydr^en. ...    4  ditto 4  &4 

Nitrogen  .•.,  1  dittob  ....  14  ......  11.8 

118  100. 


SECTION  IX. 
Of  the  Substance  of  the  Brain, 

The  medullary  matter  of  the  brain  and  nervous  system  ap« 
pears  to  differ  from  all  other  organized  substances,  it  was 
first  examhfied  by  M.  Tliourel,  with«  view  to  explain  wby  the 
brain  was  exempted  from  tbe  cbaflige,  observed  in  the  bodies 
which  were  interred  in  the  Cimeti^e  des  Innocens,  Fourcroy 
afterwards  added  many  important  facts,  and  corrected  M. 
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Thouret  in  several  particulars;  and  Vauquelin  has  published 
an  elaborate  set  of  experiments  on  the  same  subject* 

The  medulkrjr  substance  of  the  brain  is  of  a  soft  consist- 
ence, and  forms,  when  agitated  with  water,  a  sort  of  emulsion, 
that  passes  through  the  finest  sieves.  This  fluid  is  coagulated 
by  a  temperature  of  160°,  and  a  quantity  of  a  substance  re- 
sembling all>umen  is  separated.  The  same  coagulation  is  pro- 
duced by  acids;  but  the  coagulum  differs,  in  several  respects, 
from  that  which  Jakes  place  from  the  serum  of  tlie  blood.  On 
being  boiled  with  alcohd,  it  loses  about  -fi^  of  its  weight ;  but 
one  third  of  the  portion,  which  has  been  dissolved,  is  again 
deposited  on  cooling  in  the  form  of  shining  crystalline  plates, 
resembling  those  which  are  obtained  from  biliary  calcoli,  from 
q^ermaoeti,  or  from  adipocire ;  but  di£fering  from  those  sub- 
stances in  requiring  a  higher  temperature  for  its  fusion.  It 
stains  paper  like  a  fixed  oil,  is.  soluble  in  SO  times  its  weight 
of  boiKng  alcohol ;  and  is  miscible  with  water  into  a  sort  of 
emulsion,  firom  which  it  does  not  separate  on  standing,  and 
which  is  not  acid.  From  the  results  of  its  coaibustion,  both 
alone  and  with  nitre,  Vauquelin  infers  that  it  contains  uncom- 
bined  phosphorus. 

Alcohol,  by  digesting  with  brain,  acquires  a  greenish  colour, 
which  it  retains  even  after  filtration.  By  evaporation  to  one 
eighth  its  bulk,  it  deposits  a  yellowish  oily  fluid,  and  the 
liquor  itself  is  yellowish.  When  repeated  quantities  of  alcohol 
are  digested  on  the  same  portion  of  brain,  the  alcohol  is 
tinged  a  sapphire  blue  colour.  These  colours  remain,  till  the 
whole  alcohol  is  expelled  by  heat,  when  the  residuary  matter 
acquires  a  yellow  tinge,  of  greater  or  less  intensity.  The 
latter  portions  of  alcohol  do  not,  like  the  first,  deposit  oil  on 
standing. 

The  liquid  oil,  after  being  washed  with  water,  and  evapo* 
rated  to  dryness  at  a  gentle  heal,  has  a  reddish  brown  ccJour, 
and  a  smell  resembling  that  of  the  brain  itself,  but  stronger. 
Its  taste  is  like  that  of  rancid  fat.  It  forms,  with  water,  an 
emulsion,  which  is  coagulated  by  the  addition  of  acids,  and 

*  Tliomson's  Annals,  i.  399. 
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by  infusion  of  tan.  It  is  soluble  in  hot  alcohol ;  and  the 
greater  part  separates  on  cooling.  Though  freed  from  all  acid 
by  washing,  yet  it  furnishes  phosphoric  acid  by  being  burnt 
either  alone  or  with  nitre;  and  hence  wc  must  admit  the  pre- 
sence of  phosphorus  in  this  fatty  innttcr,  as  well  as  in  the 
crystalline  substance.  Froin  the  latter,  indeed,  it  appears  to 
differ  only  in  containing  a  quantity  of  animal  matter,  which  is 
separable  by  cold  alcohol. 

The  alcohol,  from  which  the  fatty  matter  has  separated^ 
has  a  yellow  colour,  a  taste  of  the  juice  of  meat,  and  gives 
marks  of  acidity.  It  contains  super-phosphate  of  potassa,  and 
a  peculiar  animal  matter,  which,  by  its  solubility  in  cold  alcohol 
and  water;  by  its  property  of  being  precipitated  by  infusion 
of  galls ;  by  its  reddish  brown  colour,  its  deliquescence,  its 
taste  and  smell  of  the  juice  of  meat,  may  be  regarded  as  iden- 
tical with  the  substance,  which  llouelle  formerly  called  sapo^ 
naceous  extract  of  meat,  and  to  which  Thenard  has  given  the 
name  of  Osmazome.  It  is  this  substance,  which  tinges  the 
fatty  matter,  extracted  from  brain  by  alcohol. 

The  portion  of  brain,  which  remains  after  the  full  action  of 
alcohol,  is  a  greyish  white  matter  in  the  form  of  flocks^  which 
resembles  cheese  externally.  In  drying,  it  assumes  a  grey 
colour,  a  semi-transparency,  and  a  fracture  similar  to  that  of 
gum-arabic.  It  appears,  as  Fourcroy  supposed,  to  be  per- 
fectly identical  with  albumen ;  and*  it  is  this  ingredient,  which 
occasions  the  coagulation  of  brain,  when  mixed  with  water, 
by  heat,  acids,  metallic  salts,  &c.  The  alkaline  solution  of 
this  part  of  brain  precipitates  acetate  of  lead  of  a  dark  brown 
colour,  showing  obviously  the  presence  of  sulphur. 

The  medulla  of  the  brain,  when  expose<l  to  the  air,  soon 
under^^oes  spontaneous  decomposition ;  and  evolves  an  acid, 
before  it  passes  to  the  putrid  state ;  but  under  water  it  may  be 
kept  a  long  time  without  any  change.  Nitric  acid  does  not 
produce  the  same  effects  upon  it,  as  on  other  animal  substances. 
No  nitrogen  is  separoted;  but,  when  the  temperature  is  raised, 
a  large  quantity  of  carbonate  of  ammonia  is  disengaged,  and 
oxalic  acid  is  found  in  the  retort. 

Diluted  sulphuric  acid  partly  dissolves  brain,  and  coagu- 
lates another  part.     The  acid  solution  becomes  black  when 

VOL.  II.  2  H 
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concentrated  by  evaporation ;  sulphurous  acid  is  generated ; 
and  crystals  are  formed  which  consist  of  sulphate  of  ammonia. 
Besides  this  salt^  sulphates  of  ammonia  and  lime^  phoqifaoric 
acid,  and  phosphates  of  soda  and  ammonia  are  found  in  the 
liquid. 

When  brain  is  dried  at  the  temperature  of  boUing  water,  it 
coagulates  and  some  water  separates  from  it.  When  distilled 
in  close  vessels,  ammonia  is  disengaged :  which,  uniting  with 
carbonic  acid,  formed  at  the  same  time,  composes  carbonate  of 
ammonia.  A  portion  of  oil  is  obtained  also,  and  sulphureted 
and  carbureted  hydrogen  gases  are  formed.  In  the  retort  a 
coal  remains  which  affords  traces  of  phosphates  of  lime  and 
soda. 

The  mass  of  brain,  as  appears  from  the  experiments  of 
Vauquelin,  is  composed,  therefore,  of  1st,  two  fatty  matters, 
which  are  probably  identical;  2dly«  albumen;  Sdly,  osma* 
2ome ;  4thly,  diiierent  salts ;  and,  among  others,  phosphates 
of  potassa,  lime,  and  magnesia,  and  a  little  common  salt ; 
5tlily,  phosphorus ;  6thly,  sulphur.  The  following  is  to  be 
considered  merely  as  an  approximation  to  their  proportions. 

1.  Water 80.00 

2.  White  fatty  matter 4.53 

3.  Red  fatty  matter. 0.70 

4.  Albumen 7.00 

5.  Osmazome • 1.12 

6.  Phosphorus 1.50 

7*  Acids,  salts,  and  sulphur  ••••••  5.15 

100. 
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CHAPTER  XIV. 

OF  CHBMICAL  ANALYSIS. 

SECTION  I. 
Of  the  Analysis  of  Mixed  Gases, 

Haviwo  already,  in  former  parts  of  this  work,  enumerated 
the  propertied  common  to  the  whole  class  of  gaseous  bodiesi* 
and  described  the  apparatus  required  for  submitting  them  to 
experiment  ;f  and  having  also  given  the  chemical  history  of 
each  individual  gas,  it  would  be  equally  tedious  and  useless  to 
enter,  in  this  place,  into  minute  details  respecting  them.  Nor 
could  it  serve  any  useful  purpose  to  frame  rules  for  analyzing 
every  possible  mixture  of  gaseous  substandes;  for,  out  of 
nearly  thirty  gases,  the  number  of  such  combiimtionB  would 
be  extremely  numerous,  and  many  of  them  are  not  at  all  likely 
to  occur.  The  rules,  too,  themselves,  would  be  unnecessary  to 
those  who  are  qualified  to  undertake  researches  into  this  dif- 
ficult part  of  experimental  chemistry.  All,  therefore,  that  I 
shall  attempt,  will  be  to  lay  down  a  few  simple  directions  for 
discriminating  the  several  gases,  and  for  analyzing  such  mix- 
tures of  them,  as  are  occadionatly  formed  by  chemical  processes^ 
or  are  presented  to  us  by  nature. 

There  are  two  fluids  which  are  used  to  confine  gases  for  the 
purpose  of  examination  and  analysis,  viz.  mercury  and  water. 
Upon  the  former,  very  few  gases  act  sufficiently  to  interfere 
with  its  fitness  for  retaining  them  unaltered.  Chlorine  and 
nitrous  acid  gases  are  the  principal  exceptions  to  this  remark ; 

•  Vol.  i.  p.  136.  t  Vol.1,  p.  14, 
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for  they  are  both  speedily  condensed  by  mercury;  and  sul- 
pbureted  hydrogen  acts  also  upon  that  metal,  though  not  in 
the  same  degree.  With  the  exception,  however,  of  nitrous 
acid  gas,  those  aeriform  substances  that  cannot  be  kept  over 
mercury  may,  in  general,  be  preserved  over  water,  especially 
if  its  temperature  be  raised  to  65^  or  70^  Fahr.;  at  least  they 
may  be  kept  long  enough  to  enable  us  to  examine  their  pro- 
perties, and  their  proportions  in  any  mixture. 

The  two  following  Tables  exhibit  a  view  of  the  different 
gases,  and  the  fluids  best  adapted  for  preserving  them. 

I.  Gases  which  are  best  confined  by  Mercury, 


Protoxide  of  chlorine     Ammonia 

Acid  Gases. 
Muriatic  acid 

Peroxide  of  ditto. 

-  Cyanogen. 

Hydriodic  do. 
Sulphurous  do. 
Fluoboric  do. 
Fluosilicic  do. 
Carbonic  do. 
Chloro-carbonic  do, 

11. 

Gases  confinable  by  i 

IFaier. 

Gases  that  sopport 
Coinbustiou. 

Combastible 
Gases. 

Incorobusuble. 

Oxygen 
Chlorine 

Hydrogen 
Carbureted  do. 

Nitrogen 
Carbonic  acid. 

Nitrous  oxide 

Olefiant  do. 
Phosphuretcd  do. 
Biphosphureted  do 
Sulphureted  do. 
Tellureted  do. 

gas. 

. 

Arsenureted  do. 

Selenureted  do. 

Carbonic  oxide. 

Examination  of  Gases  confinable  by  Merairy. 

I.  When  we  have  a  quantity  of  any  unknown  gas  standing 
over  mercary,  it  is  desirable  first  to  ascertain  in  what  propor- 
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tion  it  18  capable  of  being  absorbed  by  water.  For  this  pur- 
pose a  small  quantity  of  water,  not  exceeding  1 -Both  or  1-1 00th 
of  the  volume  of  the  gas,  may  be  admitted  to  a  portion  of  it 
contained  in  a  graduated  tube.  If  the  whole  gas  rapidly  dis- 
appear, and  its  place  be  filled  with  mercury,  it  must  have  con- 
sisted of  one  or  more  of  the  following  gases : 

Ammonia,  of  which  1  vol.  water  absorbs  670  vols. 
Fluoboric  acid,  ----————-  700 

FluosiliciCy 260 

Hydriodic, h  500 

Muriatic,  i— -— — — ^— 480 

Sulphurous  acid,  being  soluble  only  to  the  extent  of  about 
3S  times  the  volume  of  the  water,  is  not  taken  up  with  so  much 
rapidity,  or  by  so  small  a  proportion  of  water  as  the  other, 
five  gases.  Protoxide  and  peroxide  of  chlorine  are  still  less 
absorbable;  for  of  each  of  these,  water  condenses  only  about 
eight  volumes. 

II.  To  determine  whether  the  gas  has  acid  or  alkaline  pro- 
perties, a  small  slip  of  litmus  paper  may  be  first  introduced 
into  it.  If  it  be  reddened,  the  gas  must  be  acid ;  if  not 
changed,  a  slip  either  of  litmus  paper  reddened  by  vinegar,  or 
of  turmeric  paper,  may  be  passed  up,  when  the  alkaline  nature 
of  the  gas  will  be  indicated  by  the  usual  change  of  colour  to 
blue  or  brown.  Acid  and  alkaline  gases  cannot  both  exist 
together  in  the  same  mixture,  as  they  immediately  condense 
each  other  into  a  solid  form. 

III.  Ammon'm^  when  indicated  by  the  colour  tests,  may 
either  be  pure,  or  may  be  mixed  with  cyanogen,  or  perhaps 
with  one  of  the  oxides  of  chlorine  ?  (a)  If  pure,  it  will  en- 
tirely disappear  by  contact  with  1- 100th  its  volume  of  water. 
(b)  If  any  portion  be  left  unabsorbed,  let  it  be  agitated  with  a 
little  liquid  potassa,  and  if  an  absorption  now  take  place,  pass 
up  a  small  quantity  of  solution  of  ))er-sulphate  of  iron  widi  an 
excess  of  acid.  Cyanogen  will  be  indicated  by  the  blue  colour 
of  the  liquid,  (c)  The  oxides  of  chlorine  will  be  distinguished 
by  their  greenish  yellow  colour,  by  their  smell,  and  by  their 
power  of  supporting  combustion,  without  exhibiting  the  cha- 
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raettrt  belonging  to  oxygen,  chloriaei  or  the  oxides  of  ni* 
trogen. 

j4cid  Gases. 

IV.  Of  the  acid  gatesi  there  are  four,  wbicb»  when  suiTered 
to  escape  into  the  atmosphere,  produce  a  dfnse  white  smohe, 
owing  to  their  powerful  attraction  for  aqueous  .vapour.  These 
are  the  muriatic,  fluoboric,  fluosilicio,  and  hydriodic  aeids. 

V.  A  property  common  to  all  the  powerfully  acid  gases,  viz. 
the  fluoboric,  fluosiiicie,  hydriodic,  muriatic,  and  sulphurous, 
is,  that  they  are  absorbed  hyfragmenis  of  borax^  which  salt 
has  no  action  on  either  of  the  oxides  of  chlorine,  or  on  car- 
bonic or  chloro-carbonic  acids. 

(a)  If  the  borax,  after  being  thus  exposed,  be  powdered  and 
strongly  heated  with  a  little  charooal,  and  the  product  be  then 
moistened  with  water,  or  with  diluted  muriatic  acid,  the  pre*> 
sence  of  sulphurous  acid  will  be  indicated  by  a  smell  of  suU 
phureted  hydrogen. 

(b)  If  the  gas,  which  has  been  absorbed  by  the  borax,  be 
muriatic  acidj  on  dissolving  the  salt  in  water  and  adding  nitrate 
of  silver,  a  precipitate  will  appear,  which  will  be  soluble  in 
liiuid  ammonia,  and  insoluble  in  diluted  nitric  acid.  This 
precipitate,  after  being  well  washed,  dried,  and  fused,  will, 
for  every  100  grains,  indicate  94.5  grains  of  chlorine,  equivalent 
to  very  nearly  95.1  grains,  or  64  cubic  inches  of  the  acid  gas. 

VI.  A  test  of  the  presence  of  sulphurous  acid,  which  acts 
upon  that  gas,  but  not  on  the  other  acid  gases,  is  the  peroxide 
of  lead.  According  to  Dr.  Thomson,  it  may  be  employed  to 
absorb  sulphurous  acid  from  the  other  acid  gases. 

VII.  The  mixture  of  acid  gases  which  is  likely  most  fre- 
quently to  occur,  is  that  of  muriaiic  and  sulphurous  acids^  or 
one  of  them,  with  carbonic  acid, 

(a)  From  a  measured  portion  of  a  mixture  of  these  three 
gases,  contained  in  a  graduated  tube,  the  muriatic  apid  gas 
will  be  absorbed  by  l-50th  its  bulk  of  water« 

(b)  From  another  portion  of  the  mixture,  contained  in  a 
similar  tube,  peroxide  of  lead  will  absorb  the  sulphurous  acid 
only. 

(c)  From  a  third  portion,  both  the  muriaiic  and  sulphurous 
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acidi  will  be  absorbed  by  fragments  of  borax,  leaving  the  oar* 
bonic  acid  separate. 

The  volume  of  the  three  gases,  thus  determined,  ought,  if 
the  analysis  be  correct,  to  make  up  a  sum  total  equal  to  that 
of  the  mixture* 

VIII.  Hydriodic,  fluoboric,  fluosilicic,  and  chloro-carbonio 
acid  gases  are  of  such  rare  occurrence,  that  it  may  be  sttfli<' 
cient  to  point  out  a  few  tests  by  which  they  may  be  discrimi- 
nated. 

(a)  If  a  little  chlorine  be  passed  into  a  gas  containing  Ay- 
driodic  acid,  a  violet  coloured  cloud  will  be  immediately  pro- 
duced, the  chlorine  seizing  the  hydrogen  of  the  acid  gas,  and 
detaching  purple  vapours  of  iodine. 

(b)  When  borax  has  been  made  to  absorb  hydriodic  acid 
gas  without  any  admixture  of  muriatic  acid,  its  solution  in 
water  precipitates  nitrate  of  silver;  but  the  precipitate  is  inso- 
luble in  ammonia,  and  by  this  property  it  may  be  separated 
from  chloride  of  silver. 

(c)  A  slip  of  white  paper,  introduced  into  a  gas  over  mer- 
cury, betrays  the  presence  of  Jltioboric  acid  gasy  by  being  im- 
mediately blackened. 

{d)  Fluosilicic  acid  gas  is  manifested  by  its  producing  minute 
white  flakes  of  silica,  in  a  portion  of  water  which  has  absorbed 
any  considerable  quantity  of  the  gas. 

{e)  Chlorchcarhonic  acid  is  decomposed  by  contact  with  wa- 
ter ;  muriatic  acid  is  formed  and  remains  in  solution.  Car- 
bonic acid  is  also  produced,  equal  in  volume  to  the  original 
gas,  and  may  be  made  apparent,  by  first  saturating  the  mu- 
riatic acid  with  a  little  ammonia,  and  then  adding  lime  water, 
which  will  form  a  white  precipitate. 

Gases  confinable  by  Water. 

IX.  All  gases  are  more  or  less  absorbable  by  water,  but 
some  of  them  are  taken  up  to  a  much  greater  amount,  and 
with  much  less  agitation,  than  others.  It  affoixls,  indeed, 
some  insight  into  the  nature  of  a  gas,  to  ascertain  the  propor- 
tion in  which  it  is  capable  of  being  absorbed  by  water.     The 
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water  employed  for  this  porpose  should  bftve  been  deprived,  as 
completely  as  possible,  of  its  air  by  long  boiling;  and  should 
have  been  cooled  out  of  contact  witli  atmospheric  air.  The 
bestmetliod  of  applying  it,  is  by  means  of  a  caoutchouc  bottle 
and  tube,  resembling  that  represented  plate  ii.  fig.  21 ;  but  the 
tube,  as  well  as  the  bottle,  should  be  much  larger  than  are 
commoQly  applied  to  eudiometrical  purposes. 

IVaier  absorbs^ 

r  Chlorine  gas. 
Twice  its  vol.  of  <  Sulphureted  hydrogen, 
^Selenureted  hydrogen. 

An  equal  vol.  of -r^'t':""^''^'^^' 
L  Carbonic  acid. 

One  eighth  its  vol.  of  {Si^^T  «"'',  ^  ^ 

tPhosphureted  hydrogen, 

^th  to  ^th  ite  vol.  of  I  JJ*™»«  «««» 
t  Oxygen  gas. 

V>  to  V.th  iU  vol.  of  /Biptosphuret^l  hydrogen, 
• '  L Tellureted  hydrogen . 

J  Nitrogen, 

^        .  ^  I  Carbureted  hydrogen, 

v-Arsenureted  hydrogen. 

It  is  necessary,  however,  to  observe  that  considerable  dif* 
ferences  in  the  absorbability  of  gases  are  .produced  by  their 
mixture  with  each  other.  The  information,  therefore,  which 
can  be  thus  obtained,  is  only  of  a  very  general  kind,  and  must 
in  no  case  supersede  the  application  of  other  methods  of  ana- 
lysis. 

X.  The  effect  of  the  watery  solution  of  any  gas  upon  the 
colour  tests  should  next  be  examined.  All  the  stronger  acids, 
it  has  alrendy  been  stated,  redden  litmus.  The  same  effect  is 
produced,  though  less  readily  and  distinctly,  by  cyanogen, 
carbonic  acid,  sulphureted  hydrogen,  and  tellureted  hydrogen. 
Chlorine  destroys  vegetable  blues;  and  the  oxides  of  chlorine 
first  redden  litmus,  and  then  destroy  its  colour.     The  othef 
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gases,  which  are  permanent  over  water,  do  not  affect  vegetable 
colours. 

XI.  When  the  quantity  of  a  gas  is  sufficient  to  enable  us  to 
determine  its  specific  gravityy  we  obtain  a  datum  of  great  im- 
portance for  determining  its  nature.  This  is  best  done  in  the 
manner  already  described,  vol.  i.  p.  19.  The  specific  gravity 
found  by  experiment  may  be  compared  with  those  of  the  gases 
exhibited  in  the  Table,  vol.  i.  p.  140. 

XIL  Of  the  gases,  which  are  capable  of  existing  at  com- 
mon temperatures  over  water,  two  only  are  distinguished  by 
being  themselves  coloured.  Chlorine  is  yellowish  green,  and 
nitrous  aCid  gas  of  an  orange  red ;  but  the  latter  is  so  quickly 
absorbed  by  water,  that  its  colour  can  only  be  seen,  when  first 
formed  by  the  mixture  of  nitrous  and  oxygen  gases. 

.XIII.  The  odour  oi  gases  discriminates  several  of  them. 
Oxygen,  hydrogen,  nitrogen,  and  both  the  varieties  of  car- 
bureted hydrogen,  if  pure,  have  litde  or  no  smell.  All  the 
rest  have  characteristic  odours.  That  of  chlorine  is  peculiar, 
and  very  suffocating ;  that  of  nitrous  gas  can  only  be  perceived 
in  a  state  of  mixture  with  the  air  already  present  in  the  nos- 
trils, with  which  it  forms  nitrous  acid.  All  the  other  com* 
pounds  of  hydrogen  have  powerful  and  generally  disagreeable 
odours. 

XIV.  The  gases,  vrhxch  tiv^  absorbed  Ity  liquid  potassa^  are 
cyanogen,  chlorine  and  its  oxides,  carbonic  acid,  and  sul- 
phureted,  tellureted,  and  selenureted  hydrogen.  Those  acid 
gases,  that  are  permanent  only  over  mercury,  are  of  course 
copiously  soluble  in  liquid  potassa,  but  they  are  not  expelled 
again,  like  the  gases  which  have  been  enumerated,  by  adding 
the  stronger  liquid  acids. 

XV.  A  leading  distinction  among  gases  permanent  over 
water,  is  into  such  as  are  capable  of  supporting  combustion 
(that  of  a  wax  taper  for  example)  and  such  as  extinguish  flame. 
One  of  the  first  experiments  then,  that  should  be  tried  on  any 
unknown  gas^  is  the  effect  of  immersing  a  lighted  taper  in  it. 
In  oxygen  gas,  and  in  nitrous  oxide,  the  taper  will  burn  with 
great  brilliancy ;  and  if  blown  out,  and  again  plunged  into 
either  of  those  gases,  the  ignited  wick  will  be  re-kindled  with 
a  slight  explosion.    The  same  effect  is  produced  by  the  two 
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oxides  of  chlorine.  In  chlorine,  il  burns  a  short  time  with  a 
dense  smoke,  and  is  then  extinguished.  Nitrous  gas  does  not 
support  the  flame  of  a  taper,  but  sulphur  and  phosphorus  conti- 
nue to  burn  when  introduced  in  a  state  of  combustion  into 
that  gas. 

Gases  that  support  Comluslion. 

XVI.  Oxygen  gas  may  be  recognized  in  any  mixture  by 
the  action  of  nitrous  gas,  which,  when  mingled  with  it,  pro- 
duces red  fumes  of  nitrous  acid  and  a  diminution  of  volume. 
With  proper  attention  to  the  manner  of  making  the  mixture, 
and  to  other  circumstances  described  vol.  i.  p.  308,  the  pro- 
portion of  oxygen  may  be  thus  determined.  Oxygen  may  also 
be  measured  by  combustion  with  hydrogen,  and  by  other  pro- 
cesses, which  are  referred  to  in  the  Index,  article  Eudiometer. 

XVII.  Chlorine  is  discoverable  by  its  yellowish  green  hue. 
Its  suflPocating  smell,  and  still  more  distinctly  by  its  power  of 
discharging  vegetable  colours. 

(a)  If  chlorine  be  mingled  with  other  gases  which  are  inca- 
pable of  being  absorbed  by  liquid  potassa,  its  separation  is  very 
simple,  and  its  quantity  is  determinable  by  the  amount  of  the 
absorption  produced  by  that  liquid. 

{b)  Its  proportion  iu  more  complicated  mixtui*es  may  be 
ascertained  by  admitting,  to  a  measured  portion  of  the  gas,  an 
equal  volume  of  olcfinnt  gas.  After  standing  a  quarter  of  an 
hour  completely  excluded  from  the  light,  a  diminution  of  vo- 
lume will  be  perceived,  the  amount  of  which,  divided  by  2, 
shows  very  nearly  the  quantity  of  chlorine  contained  in  the 
mixture. 

XVIII.  Nilroiis  oxide  supports  the  flame  of  a  candle,  and 
forms  with  hydrogen  gas  a  detonating  mixture ;  but  nitrous 
oxide  is  not  diminished  in  volume  when  mingled  with  nitrous 
gas,  a  property  which  distinguishes  it  from  oxygen.  From 
chlorine,  it  differs  in  being  colourless,  and  almost  free  from 
smell,  and  in  being  only  about  half  as  absorbable  by  water. 

XIX.  Nitrous  gas  is  diminished  in  volume,  dense  red  fumes 
Inking  at  the  same  time  produced,  when  it  is  mingled  with 
oxygen  gas  or  with  atmospheric  air.  From  the  amount  of  its 
diminution  under  certain  circumstances,  its  quantity  mny  be 
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estimated.  (See  vol.  i.  p.  S08.)  Nitrous  gas  is  distinguished, 
also,  by  the  property  of  being  absorbed  by  the  solution  of  green 
sulphate  of  iron,  and  may,  by  means  of  that  solution,  be  sa«* 
parated  from  several  other  gases. 

XX.  Incompaiible  gases, — Of  the  gases  that  support  com- 
bustion, oxygen  and  nitrous  gas  cannot  exist  together  in  the 
same  mixture,  since  they  mutually  condense  each  other.  So 
also  do  nitrous  gas  and  chlorine,  or  its  protoxide. 

{a)  Chhrine  and  ory^feit  gases  are  separable  from  each  other 
by  liquid  potassa,  which  absorbs  the  chlorine  only.  In  the 
same  way,  chlorine  may  be  separated  from  nitrous  oxide<, 

{b)  Oxygen  and  nitrous  oxide  may  be  separated  by  a  solu- 
tion of  nitrous  gas  in  sulphate  of  iron,  which  condenses  the 
oxygen  only. 

(c)  Nitrous  gas  may  be  absorbed  from  a  mixture  with  ni* 
trous  oxide,  by  solution  of  green  sulphate  of  iron,  which  acts 
only  on  the  former  gas. 

Examination  of  Combustible  Gases. 

XXI.  Odour. — Some  insight  into  the  nature  of  these  gases 
may  be  gained  from  their  odour.  Hydrogen  and  its  com- 
pounds with  carbon  are,  when  pure,  nearly  free  from  odour. 
Sulphureted  hydrogen  resembles  the  washings  of  a  gun  barrel ; 
phosphureted  hydrogen  has  a  peculiar  odour,  difficult  to  de- 
scribe, but  resembling  that  of  onions ;  biphosphureted  hy- 
drogen a  similar  smell  in  a  still  greater  degree ;  arsenureted 
hydrogen  that  of  garlic;  tcliureted  hydrogen  resembles  sul- 
phureted hydrogen ;  and  selenureted  hydrogen  has  a  most 
penetrating  smell  of  borse*radish,  and,  even  in  very  small  quan- 
tity, excites  a  painful  inflammation  of  the  membrane  of  the 
nostrils. 

XXII.  Spontaneous  hiflammabiUty. — Biphosphureted  by- 
dr<^n  is  the  only  gas  that  takes  fire  spontaneously,  when  suf- 
fered to  escape  into  the  atmosphere. 

XXIIL  Action  of  pure  alkaline  ioiu/io;i5.— ^Sulphureted, 
tellureted,  and  selenureted  hydrogen  are  the  only  species  of 
inflammable  gases  that  are  rapidly  absorbed  by  liquid  potassa. 

XXIV.  Action  of  chlorine, — Chlorine  acts  upon  all  the 
combustible  gases,  but  with  phenomena  peculiar  to  each. 
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.  (a)  Both  varieties  of  phosfjhureied  hydrogen  inflame  sponta- 
neously when  brought  into  contact  with  chlorine,  and,  if  in 
sufficient  quantity,  even  detonate  loudly. 

{b)  Sulphureted  hydrogen  is  immediately  decomposed  by 
chlorine,  and  sulphur  is  precipitated.  One  volume  of  the  in- 
flammable gas  requires,  for  complete  decomposition,  one  vo- 
lume of  chlorine. 

(c)  Bicarhureted  hydrogen  {olefianl  gas)  is  speedily  condensed 
by  chlorine  into  an  oily  looking  liquid  with  an  etherial  smell, 
which  floats  on  the  surface  of  tlie  water.  One  volume  of  ole- 
flant  gas  condenses  one  volume  of  chlorine.  Hence  it  is  easy, 
by  dividing  the  diminution  of  volume  by  2,  to  estimate  the 
amount  of  the  former  gas.  The  olefiant  gas  should  be  added 
to  the  chlorine  in  a  graduated  tube  shaded  from  the  light,  and 
about  a  quarter  of  an  hour  should  be  allowed  for  thefuil  effect 
to  be  produced,  especially  if  tiie  tube  be  of  small  diameter. 

(d)  Hydrogen  and  carbureted  hydrogen  are  not  acted  upon 
by  chlorine,  provided  the  mixture  be  made  and  preserved  in 
a  tube  from  which  all  light,  both  direct  and  reflected,  is  care- 
fully excluded.  But  the  ordinary  light  oF  day,  and  still  more 
the  direct  ra^s  of  the  sun,  fulling  on  the  mixture,  occasions  a 
speedy  action  of  the  gases  on  each  other  ;  and  if  the  quantity 
be  considerable,  and  the  proportions  properly  adjusted,  an  ex- 
plosion often  ensues. 

XXV.  yiction  of  iiUrous  gas  on  injiammable  gases, — (a) 
Nitrous  gas,  beside  being  acted  upon  by  oxygen,  by  chlorine 
and  its  protoxide,  and  by  sulphurous  acid  gas,  is  also  con- 
densed by  biphosphureled  hydrogen  and  by  sulphureted  hy^ 
drogen.  When  mingled  with  the  last  mentioned  gas,  the  de- 
composition is  slow,  sulphur  is  deposited,  and  ammonia  and 
nitrous  oxide  are  formed. 

{b)  On  hydrogen  and  both  the  varieties  of  carbureted  ky^ 
drogenj  nitrous  gas  has  no  action  at  common  temperatures. 
It  may,  therefore,  be  employed  to  determine  the  proportion  of 
oxygen  in  a  mixture  of  oxygen  gns  or  atmospheric  air  with 
any  of  those  three  gases,  according  to  the  rules  given  vol.  i. 
p.  308. 

XXVI.  Action  of  the  solution  of  chloride  (oxymuriate)  of 
lime. — This  solution,  Mr.  Dalton  finds,  absorbs  phosphureted 
hydrogen,  converting  it  into  phosphoric  acid  and  water,  but 
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has  no  action  on  simple  hydrogen.     It  is  probably  inefficient, 
also,  on  the  two  varieties  of  carbureted  hydrogen. 

XXVII.  Solutions  of  acetate  of  lead  and  nitrate  ofmerairy. 
— These  solutions,  even  when  heated  to  120°  Fahrenheit  or 
upwards,  absorb  sulphureted  hydrogen,  but  do  not  afiect  the 
other  combustible  gases;  nor  do  they/  at  that  temperature, 
act  on  carbonic  acid.  A  similar  property  belongs  also  to  car- 
bonate of  lead  precipitated  by  carbonate  cf  ammonia  from  a 
cold  solution  of  the  acetate.  In  all  these  cases,  a  copious 
black  precipitate  is  formed  consisting  of  the  sulphuret  of  lead 
or  of  mercury.  The  use  of  carbonate  of  lend  in  separating 
sulphureted  hydrogen  from  other  gases,  I  find  to  be  susceptible 
of  great  precision  (Ann.  of  Phil.  xv.  35),  and  at  p.  4*31,  vol.  i., 
I  have  shown  that  it  is  capable  of  detecting  one  part  of  sul- 
phureted hydrogen  when  mixed  with  120.000  of  any  other  gas. 

Such  are  the  principal  agents  required  in  operating  on  the 
inflammable  gases.  By  using  them  in  succession,  considerable 
progress  may  be  made  towards  the  analysis  of  mixtures  of 
these  gases.  It  may  be  proper  to  add  a  few  rules  for  distin- 
guishing the  individual  gases  of  this  class,  and  estimating  their 
quantities. 

XXVIII.  Tcllureted,  potassureted,  selenureted,  and  arse- 
liureted  hydrogen  are  of  such  rare  occurrence,  that  it  may  be 
sufficient  to  enable  the  experimenter  to  recognise  them,  if  a 
few  of  their  leading  characters  are  here  enumerated. 

{a)  Tellureted  hydrogen  is  absorbed  by  liquid  potassa,  but 
not  by  acetate  of  lead.  ^  It  is  decomposed  when  mixed  with 
chlorine,  and  if  that  gas  be  transmitted  through  the  solution 
of  tellureted  hydrogen  in  liquid  potassa,  the  liquid  acquires 
the  property  of  forming  a  white  precipitate  with  alkaline  car- 
bonates, and  a  black  one  with  hydro-sulphurcts.  (Children's 
Translation  of  Tbenard,  p.  25.) 

{b)  Potasstiveted  hydrogen  is  instantly  decomposed  when 
brought  into  contact  with  water ;  hydrogen  is  liberated ;  and 
potassa  formed. 

(c)  Arsenureted  hydrogen  has  a  nauseous  smell,  is  sparingly 
soluble  in  water,  is  not  absorbed  by  liquid  potassa,  but  is  in- 
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stmtly  decomposed  by  chlorine,  and  condensed  into  a  Hqutdy 
from  which  water,  impregnated  with  sulphureted  hydrogen, 
throws  down  a  yellow  flakey  precipitate.  When  mingled  with 
gases  that  support  combustion,  it  is  discoverable  by  intro* 
ducing  a  lighted  taper  into  a  tube  filled  with  the  gas,  the  sides 
of  which  will  be  immediately  covered  with  a  chesnut  broWn 
hydruret  of  arsenic. 

(rf)  Selenureted  hydrogen  may  be  recognized  by  its  odoar 
(xxi.)  by  its  absorbability  by  water,  with  which  it  affords  a 
solution  that  in  a  few  minutes  becomes  opalescent,  reddish  oh 
the  surface,  and  then  deposits  selenium.  The  watery  solution 
reddens  litmus,  has  an  hepatic  flavour,  and  gives  a  permanent 
brown  stain  to  the  skin  ;  but  by  keeping  is  entirely  decom«* 
posed. 

XXIX.  The  mixtures,  which  may  be  expected  most  fre* 
quently  to  occur,  of  combustible  gases  with  each  other,  are  those 
of  hydrogen,  sulphureted  hydrogen,  carbureted  hydrogen^  bi- 
carbureted  hydrogen  (olefiant  gas),  and  carbonic  oxide,  occa« 
sionallywithsmallproportionsof  nitrogen  orcarbonicacid  gases. 

Of  these  gases  there  are  three,  which  may  be  removed  from 
such  a  mixture  by  very  simple  processes,  viz,  sulphureted  hy* 
drogen,  carbonic  acid,  and  olefiant  gas. 

(a)  Sulphureted  hydrogen  may  be  absorbed,  as  already  di- 
rected, by  solution  of  acetate  of  lead,  or  by  carbonate  of  lead 
fresh  precipitated  from  the  acetate,  and  diffused  through  a 
small  quantity  of  water.  Neither  of  these  substances  acts  (m 
carbonic  acid  or  olefiant  gases. 

(If)  After  having  thus  removed  the  sulphureted  hydrogen^ 
liquid  potassa  will  absorb  the  carbonic  acidf  and  will  indicate 
its  quantity  by  the  amount  of  the  absorption. 

(c)  Or  we  may  act  on  one  portion  of  the  entire  gas  with  po- 
tassaj  and  on  another  with  acetate  or  carbonate  of  lead.  The 
latter,  afiecting  only  the  sulphureted  hydrogen,  we  may  deduct 
the  absorption  it  produces,  from  the  total  absorption  by  po- 
tassa,  and  the  remainder  will  show  the  proportion  of  carbonic 
acid.  For  example,  if  the  absorption  by  potassa  be  10  mea- 
sures, and  by  lead  2,  then  10  —  2  =  8  shows  the  carbonic 
acid. 
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(d)  Olefiant  gas  mixed  with  one  or  more  of  the  following 
gases,  viz,  hydrogen,  carbureted  hydrogen,  carbonic  oxide,  or 
nitrogen,  may  be  detected  and  estimated  as  follows.  Into  a 
graduated  tube  about  3-lOths  of  an  inch  in  diameter,  pass 
20f  25,  or  30  measures  of  chlorine,  observing  its  quantity  when 
actually  in  the  tube,  which  is  then  to  be  shaded  from  the  light 
by  an  opake  cover  of  tin  or  pasteboard.  To  the  chlorine  pass 
up  60  measures  of  the  gas  under  examination ;  let  the  mixture 
stand  10  or  15  minutes;  and  then  gradually  raise  the  cover 
till  the  surface  of  the  water  within  the  tube  appears.  Note 
the  diminution,  and  divide  its  amount  by  2,  which  will  give 
the  quantity  of  olefiant  gas. 

(e*)  Wash  the  residuum  of  the  process  (iJ)  with  liquid  \io^ 
tassa.  This  will  absorb  any  redundant  chlorine.  The  mixture 
may  now  contain  one  or  more  of  the  following  gases,  viz.  hy- 
drogen, carbureted  hydrogen,  carbonic  oxide,  and  nitrogen. 

XXX.  To  analyze  mixtures  of  hydrogen^  carhtreted  hij' 
drogen^  carbonic  oxide,  and  nitrogen^  is  a  problem  of  considera- 
ble difficulty,  since  we  are  not  acquainted  with  any  agent, 
either  liquid  or  aeriform,  that  will  condense  one  of  those  gases, 
leaving  the  others  untouched.  The  only  method  of  judging 
of  the  composition  of  such  a  mixture  is,  to  fire  a  small  quan- 
tity in  a  Volta's  eudiometer  over  mercury,  with  oxygen  gas, 
the  degree  of  whose  purity  has  been  previously  ascertained,  and 
which  must  be  employed  in  a  proportion  somewhat  exceeding 
what  is  necessary  for  saturating  the  inflammable  gas.  Note  the 
amount  of  the  diminution  after  firing;  then  admit  liquid  po- 
tassa  to  the  gas,  and  observe  how  much  is  absorbed ;  and 
ascertain  the  proportions  of  oxygen  and  nitrogen  in  the  re* 
sidue,  by  processes  which  will  be  presently  described. 

In  estimating  the  composition  of  a  mixed  gas,  from  the 
phenomena  and  results  of  its  combustion,  the  following  Table 
will  be  found  useful.  Olefiant  gas  is  included,  though  not 
strictly  necessary,  in  order  to  render  the  view  of  these  com- 
pounds more  complete. 
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Table  showing  Ike  Resutis  of  Firing  the  Combustible  Gases 
with  Oxygen. 


Names  of  gases. 

Sp.gr. 

100  vols. 
require 
oxjrgeu. 

Total. 

Diminished 
firing. 

Carbonic 

acid 
produced. 

Olefiant  iras .-Q72^ 

300 

200 

50 

50 

400 
300 
1.50 
150 

200  =  i 

?00  =  J 

150  =  -J 

50=  4 

200 

Carb.  hydrogen. . . 
Hydrogen  gas  .... 
Carbonic  oxide .  • . 

.5555 
.0690 
.9722 

100 

0 

100 

(a)  If  the  gas  under  examination  afford  no  carbonic  acid  by 
combustion  with  an  excess  of  oxygen,  it  may  then  be  either 
hydrogen  only,  or  hydrogen  with  a  proportion  of  nitrogen.  In 
the  first  case,  two  measures  of  the  gas  will  have  condensed  one 
of  oxygen,  making  a  diminution  of  three  measures.  In  the 
second  case,  the  diminution  will  be  less  than  three  measures. 
It  is  unnecessary  to  repeat  in  this  place  the  directions  which 
have  already  been  given,  vol.  i.  p.  2379  foi*  analyzing  mixtures 
of  hydrogen  and  nitrogen  gases. 

{b)  If  the  gas  be  found  to  have  condensed  twice  its  volume 
of  oxygen,  and  to  have  given  an  equal  volume  of  carbonic 
acid,  it  may  be  considered  as  pure  carbureted  hydrogen  gas. 

{c)  If,  while  it  affords  an  equal  volume  of  carbonic  acid,  it 
has  consumed  only  half  its  volume  of  oxygen,  these  are  the 
characters  of  pure  carbonic  oxide. 

(d)  But  if  the  gas  under  examination  does  not  answer  ex- 
actly in  its  characters  to  any  one  of  those  enumerated  in  the 
table,  it  may  be  inferred  to  be  a  mixture  of  two  or  more  of 
the  three  last,  with  perhaps  a  proportion  of  nitrogen. 

(e)  The  presence  of  nitrogen  will  be  indicated  by  our  find- 
ing, in  the  residuary  gas  after  the  action  of  liquid  potassa, 
more  nitrogen  than  can  be  traced  to  the  oxygen  gas  employed 
in  effecting  the  combustion.  To  decide  this,  add,  to  the  residue, 
nearly  twice  its  volume  of  hydrogen,  and  pass  an  electric  spark 
through  the  mixture.  If  an  explosion  take  place,  we  shall  learn 
the  amount  of  the  residuary  oxygen  by  dividing  the  diminution 
of  volume  on  firing  by  S,  and  the  quotient,  deducted  from  the 
whole  residue,  will  show  its  proportion  of  nitrogen.     If  the 
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quantity  of  nitrogen,  thus  determined,  agree  with  that  which 
formed  part  of  the  oxygen  gas,~  no  nitrogen  is  indicated  in  the 
inflammable  gas;  but  if  it  exceed,  the  additional  quantity  must 
be  referred  to  the  combustible  gas. 

(/)  If  the  mixture  consist  of  hydrogen,  carbureted  hydro- 
gen, and  carbonic  oxide,  without  any  nitrogen,  the  propor- 
tions of  each  may  be  investigated  as  follows.  Take  the  spe- 
cific gravity  of  the  gas  in  the  way  already  directed  vol.  i.  p. 
19,  and  then  try  what  hypothetical  proportions  A\ill  most 
nearly  agree  with  the  characters  of  the  mixture.  An  example 
will  perhaps  best  explain  the  method  of  proceeding. 

Let  us  take  then  the  example  of  a  gas  of  specific  gravity 
0.70J2,  100  volumes  of  which  have  been  found  by  experiment 
to  afford  by  combustion  70  volumes  of  carbonic  acid,  the 
oxygen  expended  being  110  volumes,  and  the  diminution  on 
firing  amounting  to  140  volumes.  Now,  on  inspecting  the 
table,  it  must  be  obvious  that  these  70  volumes  of  carbonic 
acid  cannot  all  have  been  produced  from  carbureted  hydrogen, 
for  in  that  case  they  would  have  required  140  volumes  of 
oxygen,  whereas  only  110  volumes  have  been  condensed. 
Part  of  the  carbonic  acid  must  therefore  have  resulted  from  a 
gas  requiring  less  oxygen  than  is  consumed  by  carbureted 
hydrogen ;  and  the  only  gas  answering  to  this  description  is 
carbonic  oxide,  the  presence  of  which  in  the  mixture  may 
hence  be  safely  inferred.  The  levity  of  the  mixed  gas  indi- 
cates, also,  that  it  contains  hydrogen,  which  is  also  rendered 
probable  by  the  amount  of  the  diminution  on  firing.  On  try- 
ing various  proportions,  the  following  will  be  found  to  afford 
tlie  best  explanation  of  the  phenomena  and  products  of  com- 
bustion. 


40  vols,  of  carb.  hydrogen 

SO carbonic  oxide 

30 hydrogen 15 


100 

VOL.   II. 


Consume 

Give  carbo- 

Condensed 

oxygen. 

nic  acid. 

by  firing. 

. .  80.    • . 

....    Yv/.      •   •  . 

.  .  .   oO» 

..   15.    .. 

....  oil.    •  •  . 

.  • .  15. 

..15.    .. 

....       V/.     •  .  • 

. . .  45. 

110. 

70. 

1*0. 

2l 
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The  specific  gravity  of  such  a  mixture  ought  to  be 

.9722  X  4  =  3.8888 
.690  X  3  =  .2070 
.9722  X  3  =  2.9166 


7.0124  -*-  10  =  0.70124. 

Such  a  coincidence  of  specific  gravity  with  the  results  of 
combustion  furnishes  all  the  evidence,  which  is  at  present  at- 
tainable, of  the  composition  of  mixtures  of  this  kind ;  though 
it  must  be  confessed  that  it  is  less  complete  than  that  which 
may  be  obtained  in  almost  all  other  cases  of  gaseous  mixtures. 

Analysis  of  Mixiures  of  Injlammahle  Gases^  with  Gases 
that  support  CopUmstiofi. 

XXXI.  No  mixture,  it  must  be  obvious,  can  exist  of  gases 
that  support  combustion  .with  gases  that  are  spontaneously  in- 
flammable ;  for  instance,  of  oxygen,  nitrous  oxide,  or  chlorine 
with  phosphureted  hydrogen.  Nor  is  sulphureted  hydrogen 
compatible  with  chlorine  or  with  nitrous  gas ;  nor  chlorine 
with  olefiant  gas,  or  indeed  with  any  of  the  varieties  of  car- 
bureted hydrogen,  unless  light  be  carefully  excluded  from 
the  mixture.  But  oxj'gen  gas  and  atmospheric  air  may  be, 
and  the  latter  frequently  is,  mingled  with  hydrogen,  carbureted 
hydrogen,  olefiant  gas,  or  carbonic  oxide. 

{a)  A  mixture  of  hydrogen  and  oxygen  gases  may  be  exa- 
mined either  by  exploding  the  mixture  (rendering  it  com* 
bustible,  if  not  already  so,  by  adding  more  of  the  gas  which 
may  be  deficient),  or  by  the  action  of  nitrous  gas,  or  of  a  so- 
lution of  nitrous  gas  in  sulphate  of  iron. 

{b)  Atmospheric  air  mixed  with  hydrogen  may  be  investi- 
gated by  two  separate  experiments,  the  one  for  determining 
oxygen,  the  other  nitrogen,  by  rules  already  given,  vol.  1.  p. 
236  and  237. 

(c)  The  presence  of  oxygen  gas  in  olefiant  gas,  carbureted 
hydrogen,  or  carbonic  oxide,  may  be  easily  ascertained  by  the 
effect  of  adding  nitrous  gas,  which  produces  a  dense  red  vapour 
and  a  diminution  of  volume }  and  the  quantity  of  oxygen  way 
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be  estimated  in  the  manner  described  vol.  i.  page  908.  For 
detecting  nitrogen,  and  ascertaining  its  quantity,  niks  have 
already  been  given,  XXX,  rf. 

Mixitires  of  Condensihle  Vapours  with  Gases. 

XXXII.  There  are  several  vapours,  which,  at  ordinary 
temperatures,  are  capable  of  exbting  as  such,  in  a  state  of  mix- 
ture with  atmospherical  air  and  other  gases.  In  this  state,  it 
does  not  appear  that  the  vapour  is  united  with  the  gas  by  any 
affinity,  but  rather  that,  according  to  the  theory  of  Mr,  Dalton» 
it  has  a  distinct  and  independent  existence ;  for  each  vapour, 
when  mingled  with  air  or  any  other  gas,  at  a  certain  tempera- 
ture, has  exactly  the  same  tension  or  elasticity,  which  it  would 
htire  in  vacuo  at  the  same  temperature.  (See  page  334.)  It  is 
easy  then  by  inspecting  the  tables  contained  in  the  Appendix  to 
this  work,  showing  the  force  of  the  vapours  of  various  fluids  at 
different  temperatures,  to  ascertain  what  proportion  those  va- 
pours form  of  the  whole  weight  of  any  gas.  For  example,  at 
00®  Fahr.  and  90  inches  of  the  barometer,  atmospheric  air, 
fully  charged  with  moisture,  contains  aqueous  va}K>ur,  the 
force  of  which  is  equivalent  to  y^^^^  ^^^^  of  the  whole  atmo- 
q>iiere.  In  vol.  i.  p.  25,  rules  are  given  for  calculating  what 
proportion  of  any  mixture  of  gas  and  vapour,  the  vapour  con- 
stitutes at  a  given  temperature  and  pressure.  With  respect 
to  the  vapour  of  water,  this  is  a  correction  which  requires 
frequently  to  be  made  in  calculating  the  weight  of  gases ;  and 
the  same  formula,  which  enables  us  to  determine  it  in  that  case, 
is  applicable  to  others,  if  for  0.620,  (the  specific  gravity  of 
steam)  we  substitute  the  specific  gravity  of  any  other  gas  or 
vapour,  that  may  be  the  subject  of  investigation. 

The  vapours  which  may  be  occasionally  mixed  with  per- 
manent gases  are, 

(a)  Aqtieoas  vapour,  or  the  steam  of  water, — This  must  ne- 
cessarily exist  In  all  gases  confined  by  water,  and  its  quantity 
will  be  proportionate  to  the  temperature,  as  shown  in  the  table 
of  the  force  of  vapour.  The  proportion  which  it  constitutes 
of  any  gas,  at  a  given  temperature,  may  be  determined  by 
the  rule  given  vol.  i.  p.  25. 

?  I  2 
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Gases  standing  over  mercury  frequently  also  contain  aque- 
ous vapour.  Its  presence  may  be  shown,  either  by  surround- 
ing with  a  freezing  mixture  a  portion  of  the  gas  contained  in  a 
glass  tube,  when  the  inner  surface  of  the  tube  will  be  obscured 
by  a  thin  film  of  ice;  or  it  may  be  discovered  by  a  few  bub- 
bles of  fluoboric  gas,  which  occasion  a  dense  white  cloud. 
From  gases  confined  over  mercury,  aqueous  vapour  may  be 
removed^  by  bringing  into  contact  with  them  chloride  of  cal- 
cium, recently  cooled  from  a  state  of  fusion. 

(b)  Nitrous  acid  vapour. — Tliis  is  sufficiently  distinguishable 
by  its  red  colour,  and  its  odour  of  nitrous  acid.  It  is  incom- 
patible with  sulphureted,  phosphureted,  tellureted,  or  arse- 
nureted  hydrogen,  with  ammonia,  with  sulphurous  acid  when 
water  is  present,  and  probably  with  hydriodic  acid. 

(c)  The  vapour  of  alcohol  may  be  known  by  its  odour,  but 
it  does  not,  at  common  temperatures,  form  a  combustible  mix- 
ture with  atmospheric  air  or  oxygen  gas. 

(d)  The  vapour  of  elher  composes  with  oxygen  gas  an  in- 
flammable mixture  which  detonates  violently. 

All  the  three  foregoing  vapours  are  separated  from  perma- 
neiut  gases  by  passing  the  mixture  through  water,  but  ether  less 
readily  than  the  others. 

(e)  The  vapour  of  naphtha  is  distinguishable  by  its  peculiar 
smell.  At  common  temperatures  it  does  not  form  a  combus- 
tible mixture  with  oxygen.  It  has  so  little  affinity  for  water 
that  a  gas,  with  which  it  is  mingled,  may  be  several  times 
passed  through  water,  and  even  kept  over  that  fluid  without 
being  deprived  of  it.  (Saussure,  Ann.  of  Phil.  x.  120.) 

(/)  The  vapour  of  sulphuret  of  carbon  may  be  known  by 
its  smell,  and  by  the  other  properties  belonging  to  that  sub- 
stance, described  vol.  i.  p.  451. 

There  arc  various  other  fluids  which  yield  vapours  capable 
of  forming  permanent  mixtures  with  the  gases ;  but  they  are 
not  likely  to  become  subjects  of  examination,  and  in  general 
they  are  sufficiently  discriminated  by  the  characters  of  smell 
or  colour. 
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TABLE, 

Referring  to  the  Methods  of  detecting  the  different  Gases^  and 
analyzing  Mixtures  of  them  with  each  other. 

N.B.  The  numerals,  unless  otherwise  expressed,  refer  to 
the  foregoing  paragraphs. 

Air^  atmospheric.  (See  t!ie  Index  to  this  work,  article  Eu- 
diometer.)    Mixed  with  combustible  gases,  XXXI. 

Ammonia.  Absorption  by  water,  I.  Separation  from  other 
gases.  III. 

Bicarhireted  hydrogen.     See  hj/drogen,  bicarhwreted. 

Biffhosphureted  hydrogen.     See  hydrogen^  biphosphnreted. 

Borax.     Gases  absorbed  by,  V. 

Carbonic  acid.  Separation  from  muriatic  and  sulphurous 
acid  gases,  VII.     From  sulphureted  hydrogen,  &c*  XXIX. 

a,  by  c. 

.    Carbonic  oxide.     Characters,   and  method  of  estimating  its 
quantity,  XXX.  c. 

Carbureted  hydrogen.     See  hydrogen  carbureted. 

Chlorine.     Tests  of,  XVII.  n.  Separation  from  other  gases, 

b.  From  oxygen  gas,  X-X.  a.     Action  on  combustible  gases, 
XXIV. 

.  Chlorine y  protoxide  of,  I.     Characters,  III.  c. 

peroxide  of,  I.     Characters,  III.  c. 

Chloro-carbonic  acid^  VIII.  e. 

Colours  of  gases,  III.  c.     XII. 

Combustible  gasesy  XXI.  Mixtures  with  supporters  of  com- 
bustion, XXXI. 

Combustion,  gases  that  support^  XV.  XVL  &c. 

Cyanogen.    Tests  of,  III.  b. 

Fluoboric  acid  gas.  Absorption  by  water,  1.  Tests  of, 
VIII.  c. 

Fluosilicic  acid  gas.  Absorption  by  water,  I.  Tests  of, 
VIIL  d. 

Gasesy  acid,  II.  IV.     Fuming,  IV. 

absorption  by  water,  IX. 

alkaline,  II. 
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GaseSf  coloured,  XIL 

— — ^  combustible,  XXL  XXX. 

■  that  support  combustion,  XV.  XVI. 

incompatible,  II.  XX.  XXXI.  XXXII.  b. 

— —  odour  of,  XIII.  XXI. 

Gravity^  specific^  of  gases,  XI.  Its  coincidence  with  analytic 
results,  XXX.  e, 

Hydriodic  acid  gas.     Absoi*ption,  I.     Tests  of,  VII  I.  c,  b. 

Hydrogen  gas.  Characters,  XXX,  a.  How  estimated  when 
mixed  with  other  combustible  gases,  XXX. 

Hydroge7i,arsenuret€d,  Odour, XXI.  Characters,  XXVIII.c. 

Hydrogen^  bicarbureted,  {plefiavt  gas.)  Action  of  chlorinef 
XXIV.  c.     Separation  from  other  gases,  XXIX.  d. 

Hydrogen^  biphosplmreiedj  XXIV.  a. 

carbureted.     Action  of  chlorine^  XXIV.  d.  How 

separated  from  other  gases,  XXX.     Characters^  XXX.  b. 

Hydrogen^  phosphureted^  (phosphoric  gas)  XXIV.  a. 

potassureted.     Tests  of,  XXVIII.  b. 

selenureled.  Odour,  XXI.  Characters,  XX VI II. rf. 

Hydrogen,  sulphureted.     Odour,  XXI.     Action  of  chlorine, 

XXIV.  b.    Absorbed  by  hot  solutions  of  lead  and  mercury, 
XXVII.  XXIX.  a. 

Hydrogen ftellureted.  Odour,  XXI.  Characters, XXVIII.  a. 

Litmus.     Gases  that  redden  it,  X. 

Muriatic  acid  gas.  Absorption  by  water,  I.  By  borax,  V. 
b.     Analysis  of  mixtures  of,  VII. 

Nitrogen,  with  oxygen  gas.  {See  air,  atmospheric.)  Anal3'si8 
of  mixtures  of  with  combustible  gases,  XXX.  d. 

Nitrous  acid  vapour,  XXXII.  b. 

Nitrous  gas.     Tests  of,  XIX.     Action  on  combustible  gases, 

XXV.  Separation  from  oxygen  gas,  XX.  c. 

Nitrous  oxide.  Tests  of,  XVIII.  Separation  from  oxygen 
gas,  XX.  (. 

Odour  of  gases,  XIII.  XXI. 

Olefiant  gas.     See  Hydrogen,  bicarbureted. 

Oxygen  gas.  Tests  of,  XVI.  Separation  from  chlorine, 
XX.  a;  from  nitrous  oxide,  XX.  b;  from  nitrous  gas,  XX. 
c;  from  combustible  gases,  XXV.  c;  XXXI.  d. 

Phosgene.     See  Chloro-carbonic  acid  gas. 
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Plu^kurelid  bjfthogem.    See  bydrogan. 

Poiassa,  liquid^  gases  absorbable  by»  XIV.  XXII L 

Suipkunled  kf/drogen.     See  kj/drogen,  sulpfutrMml* 

Sulpkurom  acid.  Absorption  by  water,  L;  by  borax»  V. 
a ;  by  peroxide  of  lead,  VL  Separation  irom  mariatic  add 
gas,  VIL  h;  from  carbonic  acid,  VII.  t. 

Telluriied  hydrogen.     See  hydrogeM^  iellureied. 

Vapmerx  mixed  with  gases,  XXXII. 

fVioder.  Action  on  gases,  I.  IX.  Steam  of  in  gases,  XXXILa» 


SECTION  11. 

Directions  for  Examining  Mineral  Waters. 

Th£  complete  and  accurate  analysis  of  mineral  waters,  and 
of  mineral  bodies  in  general,  is  one  of  the  most  difficult  sub- 
jects of  chemical  manipulation,  and  requires  a  rery  extensive 
acquaintance  with  the  properties  and  habitudes  of  a  numM*ou8 
class  of  substances.  Long  and  attentive  study  of  the  science  is 
therefore  essential  to  qualify  any  one  for  undertaking  exact 
and  minute  detei*minalions  of  the  proportions  of  the  compo* 
nent  parts  of  bodies.  Such  minuteness,  however,  is  scarcely 
ever  required  in  researches  that  are  subservient  to  the  ordinary 
purposes  of  life ;  a  general  knowledge  of  the  composition  of 
bodies  being  sufficient  to  assist  in  directing  the  most  useful 
applications  of  them ;  and  this,  generally  speaking,  may  be 
obtained  by  experiments  that  require,  for  their  performance, 
only  a  moderate  share  of  skill  in  practical  chemistry.  In 
some  instances,  however,  where  a  variety  of  foreign  sub* 
stances  are  present  in  a  natural  water,  it  requires  exten* 
sivc  chemical  knowledge  and  great  consideration,  to  devise 
the  proper  experiments,  and  to  draw  the  proper  inferences 
from  their  results.  Much  indeed  must  always  be  left  to  the 
judgment  of  the  operator,  and  this  will  be  materially  assisted 
by  a  careful  study  of  the  best  models  of  this  kind  of  investiga* 
tion,  which  are  to  be  found  in  the  analyses  of  particular  waters 
by  Black,  Lavoisier,  Marcet,  Phillips,  Gay  Luasac,  and  other 
eminent  chemists. 
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Before  proceeding  to  the  analysis  of  a  water,  it  is  proper  to 
inquire  into  its  natural  history,  and  to  examine  attentively  its 
physical  characters.  The  nature  of  the  strata  in  the  neigh- 
bourhood of  the  spring,  will  oflen  furnish  useful  suggestions 
respecting  the  contents  of  the  water ;  the  period  of  the  year 
should  be  stated  at  which  the  analysis  was  performed ;  and 
whether  after  a  rainy  or  dry  season.  The  temperature  of  the 
water  must  be  carefully  observed,  as  it  issues  from  the  spring; 
and  the  quantity  inquired  into,  which  it  yields  in  a  given  time. 
The  sensible  qualities  of  taste,  smell,  degree  of  transparency, 
&c.,  are  also  l)est  ascertained  at  the  fountain-head.  The  spe- 
cific gravity  of  the  water  may  be  found  by  weighing  a  bottle, 
which  is  capable  of  containing  a  known  weight  of  distilled 
water  at  a  certain  temperature,  filled  with  the  water  under 
examination,  at  the  same  temperature;  or  by  the  use  of  a  very 
sensible  hydrometer,  as  recommended  by  Mr.  Dalton.  (Man- 
chester Society's  Memoirs,  N.S.  iii.  54.)  It  is  proper,  also, 
to  examine,  on  the  spot,  the  channel  through  which  the  water 
has  flowed;  to  collect  any  deposit  tliat  may  have  been  formed ; 
and  to  investigate  its  nature. 

The  effects  of  heat  on  the  water  may  be  next  tried. — Many 
waters  lose  their  transparency  when  their  temperature  is 
raised,  and  let  fall  a  considerable  deposit.  The  quah'ty  of 
this  may,  in  some  degree,  be  conjectured  from  its  appearance. 
If  its  colour  be  brownish  yellow,  it  consists,  either  wholly  or 
chiefly,  of  oxide  of  iron;  if  white,  or  nearly  white,  it  is  com- 
posed principally  of  the  carbonate  of  lime  or  magnesia.  A  mi- 
neral water,  containing  iron,  deposits  that  metal  also,  when 
exposed  to  the  atmosphere ;  and  a  thin  pellicle  forms  on  its 
surface,  whether  stagnant  in  a  natural  reservoir,  or  collected 
in  a  separate  vessel.  By  this  exposure,  iron  may  be  some- 
times discovered  in  a  water,  though  not  easily  detected  at  first ; 
because  it  becomes  farther  oxidized,  and  more  sensible  to  the 
action  of  tests.  An  exception,  however,  to  this  remark  will 
be  stated  in  describing  the  application  of  the  test  of  tincture 
of  galls.  Sulphuretcd  waters  deposit  a  sediment,  even  when 
preserved  in  a  well-closed  phial ;  the  hydrogen  quitting  the 
sulphur,  which  settles  in  the  form  of  a  white  powder. 
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Art,  I. — Examination  of  Mineral  iVnters  by  Re-agenls, 

Water  is  never  presented  by  nature  in  a  state  of  complete 
purity.  Even  when  collected  as  it  descends  in  the  form  of 
rain,  chemical  tests  detect  in  it  a  minute  proportion  of  foreign 
ingredients.  And  when  it  has  been  absorbed  by  the  earth,  has 
traversed  its  different  strata,  and  is  returned  to  us  by  springs, 
it  is  found  to  have  acquired  various  impregnations.  The 
readiest  method  of  judging  of  the  contents  of  natural  waters^ 
is  by  applying  what  are  termed  lesiSy  or  re-agents;  f.  e.  sub- 
stances which,  on  being  added  to  a  water,  exhibit,  by  the  phe- 
nomena they  produce,  the  nature  of  the  saline,  or  other  in- 
gredients.—For  example,  if,  on  adding  infusion  of  litmus  to 
any  water,  its  colour  is  changed  to  red,  wc  infer,  that  the 
water  contains  an  uncombined  acid :  if  this  change  ensue, 
even  after  the  water  has  been  boiled,  we  judge  that  the  acid  is 
a  fixed,  and  not  a  volatile  one :  and  if,  on  adding  the  muri- 
ate of  baryta,  a  precipitate  falls  down,  we  safely  conclude 
that  the  peculiar  acid,  present  in  the  water,  is  either  entirely, 
or  in  part,  the  sulphuric  acid.  I  shall  first  enumerate  the  tests 
generally  employed  in  examining  waters,  and  describe  their 
application;  and,  afterwards,  point  out  by  what  particular 
tests  the  substances,  generally  found  in  waters,  may  be  de- 
tected. 

In  many  instances,  a  mineral  water  may  contain  a  saline,  or 
other  ingredient,  but  in  such  small  quantity  as  to  escape  dis- 
covery by  tests.  It  is  therefore  advisable  to  apply. tlie  tests  ct 
fixed  substances  to  the  water,  after  reducing  its  bulk  one  half, 
or  in  some  cases  considerably  more,  by  evaporation,  as  well 
as  in  its  natural  state. 

The  use  of  tests,  or  re-agents,  has  been  employed  by 
Mr.  Kirwan  to  ascertain  by  a  careful  examination  of  the  pre- 
cipitate not  only  the  kind^  but  the  quantity,  of  the  ingredients 
of  mineral  waters.  This  will  be  best  understood  from  an  ex- 
ample. It  is  s^n  established  fact,  that  100  parts  of  cry stallized 
chloride  of  sodium,  when  completely  decomposed  by  nitrate  of 
silver,  yield,  as  nearly  as  possible,  240  of  precipitated  chloride 
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of  silver.  From  the  weight  of  the  precipitate,  separated  by 
nitrate  of  silver  from  a  giveu  quantity  of  any  water,  i|  ia  there- 
fore easy,  when  no  other  muriatic  salt  is  present,  to  infer, 
what  quantity  of  chloride  of  sodium  was  contained  in  the 
water;,  since  every  hundred  grains  of  fused  chloride  of  silver 
indicate,  pretty  accurately,  41-}  of  crystallized  common  salt. 
The  same  mode  of  estimation  may  be  applied  in  various  other 
instances ;  and  the  rule  for  each  individual  case  will  be  stated 
in  the  following  description  of  the  use  of  the  various  r&-agents. 
The  scale  of  equivalents  will  give,  by  mere  inspection,  the 
quantities  of  di^rent  salts,  fi-om  which  the  precipitates  that 
are  obtained,  have  resulted.  It  is^  indeed,  an  instrument  quite 
essential  in  prosecuting  investigations  of  this  kind.* 

For  the  analysis  of  mineral  waters,  and  of  mineral  bodies 
in  general,  tests  of  the  utmost  purity  are  required.  These 
will  be  found  enumerated  in  their  order  in  the  following 
pnges,  and  they  are  all  absolutely  necessary  in  investigating 
the  composition  of  natural  waters.  It  will  be  found  extremely 
useful  to  keep  the  three  mineral  acids,  the  alkalis,  and  the 
alkaline  carbonates,  in  a  liquid  form,  and  of  such  strength, 
that  one  measure  of  the  one  will  neutralize  either  one  meosure, 
or  some  simple  multiple  of  one,  of  the  other.  The  advantage, 
thus  obtained,  is,  that  when  it  is  necessary  to  precipitate  a 
substance,  held  in  solution  by  an  acid,  we  can  take  just  the 
quantity  of  alkali  required  for  the  purpose ;  a  precaution  of 
great  use  in  all  cases,  where  the  substance  to  be  precipitated 
is  re-dissolved  by  adding  an  excess  of  the  precipitant;  as 
happens,  for  instance,  with  respect  to  alumina,  which  is  pre« 
ctpitatcd  by  the  proper  quantity  of  potassa,  and  re-dlssolved 
by  adding  more.  It  is  of  no  consequence  of  what  precise 
strength  these  solutions  are;  but  the  following  will  be  found 
of  convenient  density;  and,  though  perhaps  the  numbers 
may  require  a  little  correction  in  some  instances,  yet  they 
are  sujficiently  accurate  for  the  purpose  they  are  intended 
to  serve. 

•  See  the  directions  for  its  use,  prefixed  to  the  Table  of  Equivalents  ir 
the  Appendix* 
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Measures  for      100  Water  gr. 
Liquids.  Sy.  gravity.         saturation,     measure  eontaln 

Sulphuric  acid.  •  •  •  1 .135  •  •  •  •  •  •  1  •  •  • . .  •  15.7   gr.  real 

Nitric  acid 1.143 1 23.27  gr.  do. 

Muriatic  acid  • .  •  •  1.074 1 1 1.89  gr.  do. 

Potassa 1.100 2 9.3    gr.  do. 

Soda. 1.070 2 .  •  • « . .     6.1    gr.  do. 

Ammonia •  •  0.970 1 

Subcarb.  potassa .  •  1.248 1 81.     gr.  dry 

soda.. ..  1.110 2.. ....  11.5    gr.  dry 

— *— -  ammonia  1.046 2 

The  first  column  of  the  foregoing  Table  expresses  the  spe-^ 
cific  gravity  of  the  liquid  test;  the  second,  the  number  of 
measures  of  each  required  for  saturating  any  of  the  others ; 
and  the  third,  the  number  of  grains  of  real  acid,  real  alkali, 
or  solid  carbonate,  in  100  measures  of  solution,  each  measure 
being  equal  to  a  grain  of  water.  From  the  last  column,  and 
with  the  aid  of  the  Scale  of  equivalents^  it  is  easy  to  calculate 
how  much  of  ^ny  other  test,  of  known  composition,  is  re- 
quired for  decomposing  100  water  grain  measures  of  any  of 
the  solutions  in  the  Table.  Thus  15.7  grains  of  real  sul- 
phuric acid  will  be  found,  by  Dr.  Wollaston's  scale,  to  be 
capable  of  decomposing  41.2  grains  of  dry  chloride  of  barium 
(equal  to  48  of  the  crystallized  salt).  It  may  be  advi- 
sable, therefore,  to  keep  muriate  of  baryta,  of  such  strength, 
that  400  water  grain  measures  may  be  equivalent  to  48  grains 
of  the  crystals;  in  which  state  the  solution  will  be  more 
convenient  for  use,  than  if  it  were  stronger.  The  same  plan 
may  be  extended  to  other  tcsts^  the  quantities  of  which  may 
thus  be  accurately  adjusted  to  the  purpose  intended  to  be 
answered.  Indeed,  it  would  contribute  very  much  to  accuracy, 
as  well  as  to  economy,  if  all  the  chemical  solutions,  kept  for 
purposes  of  research,  had  their  specific  gravity,  and  the  pro* 
portion  of  their  ingredient  in  a  real  or  solid  state,  marked  on 
the  labels  of  the  bottles  containing  them,— a  practice  of  which 
I  have  long  experienced  the  advantages.  When  we  are  thus 
provided  with  tests  of  known  purity  and  strength,  Mr.  Dalton 
recommends  that  we  drop,  into  a  measured  quantity  of  the 
water  under  examination,  certain  known  quantities  of  each  test 
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from  a  dropping  lube  graduated  iuto  grains,  till  the  required 
effect  is  produced ;  then  from  the  quantity  of  the  test  expended, 
the.  quantity  of  saline  matter  in  the  water  may  be  determined 
without  the  trouble  of  collecting  the  precipitate ;  or  if  the  latter 
be  done,  the  one  method  will  be  a  check  upon  the  other. 
(Manchester  Society's  Memoirs,  N.S.  iii.  61.) 

When  filters  of  paper  are  used  for  collecting  precipitates, 
great  caution  is  necessary  that  their  weight  should  be  the 
same,  before  and  after  the  experiment.  Even  during  the  time 
of  weighing,  they  acquire  moisture  from  the  atmosphere ;  and 
it  is  therefore  necessary,  before  taking  their  weight  correctly, 
to  obtain  an  approximation  to  it;  after  which,  the  paper  being 
again  dried,  less  time  is  occupied  in  determining  it  within  the 
fraction  of  a  grain.  The  unsized  paper,  which  accompanies 
Mr.  Watt's  copying  machines,  answers  the  purpose  extremely 
well.  It  is  this  which  was  always  employed  by  Berzelius, 
whenever  he  used  filters  at  all ;  but  their  use,  when  the  nature 
of  the  precipitate  admits,  he  thinks  should  be  avoided.*  I 
am  not  inclined,  however,  to  coincide  in  his  rejection  of  filters, 
and  am  of  opinion  that,  when  they  are  carefuDy  and  skilfully 
used,  there  is  no  better  way  of  collecting  and  drying  precipi- 
tates. In  order  to  wash  away,  completely,  all  soluble  matter, 
a  stream  of  distilled  water  should  be  directed  upon  the  edge 
of  the  paper,  when  laid  in  the  funnel,  either  from  a  dropping 
tul)e  or  from  the  bottle,  fig.  25,  a. 

I. — Infusion  of  LilmuSj  Syrup  of  FioletSj  §t. 

The  infusion  of  litmus  is  prepared  by  steeping  for  several 
hours  this  substance,  first  bruised  in  a  mortar,  and  tied  up  in 
a  linen  bag,  in  distilled  water,  which  extracts  its  blue  colour. 

If  the  colour  of  the  infusion  tend  too  much  to  purple,  it  may 
be  amended  by  a  drop  or  twp  of  solution  of  pure  ammonia; 
but  of  this  no  more  must  be  added  than  is  barely  sufficient, 
lest  the  delicacy  of  the  test  should  be  impaired. 

The  syrup  of  violets  is  not  easily  obtained  pure.  The 
genuine  syrup  may  be  distinguished  from  the  spurious  by  a 
solution  of  corrosive  sublimate,  which  changes  the  former  to 


*78  Ann.  deChini.  SJ. 
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green,  while  it  reddens  the  latter.  When  it  can  be  procured 
genuine,  syrup  of  violets  is  an  excellent  test  of  acids,  and  may 
be  employed  in  the  same  manner  as  the  infusion  of  litmus. 
It  indicates,  also,  the  presence  of  alkalis,  which  turn  it  green. 
Paper  stained  with  the  juice  of  the  March  violet,  or  with 
that  of  the  scrapings  of  radishes,  answers  a  similar  purpose; 
being  turned  red  by  acids,  and  green  by  alkalis.  In  staining 
paper  for  the  purpose  of  a  test,  the  paper  must  be  used  un- 
sized ;  or,  if  sized,  it  must  previously  be  well  washed  with 
warm  water;  because  the  alum,  which  enters  into  the  compo- 
sition of  the  size,  will  otherwise  change  the  vegetable  colour 
to  red. 

In  the  Philosophical  Magazine,  vol.  i.  page  180,  may  be 
found  some  recipes  for  other  test  liquors,  invented  by  the  late 
celebrated  Mr.  Watt. 

Infusion  of  litmus  is  a  test  of  most  uncombined  acids. 
1  •  If  the  infusion  redden  the  unboiled^  but  not  the  boiled 
water,  under  examination ;  or  if  the  red  colour,  occasioned 
by  adding  the  infusion  to  a  recent  water,  return  to  blue,  on 
boiling ;  we  may  infer,  that  the  acid  is  a  volatile  one,  and 
most  probably  the  carbonic  acid.  Sulphureted  hydrogen  gas, 
dissolved  in  water,  also  reddens  litmus,  but  not  after  boiling ; 
and  its  presence  is  easily  discovered  by  its  oflfensive  smell. 

2.  To  ascertain  whetherthe  change  be  produced  by  carbonic 
acid  or  by  sulphureted  hydrogen,  when  experiment  shows  that 
the  reddening  cause  is  volatile,  add  a  little  lime-water,  or,  in 
preference,  bary  tic  water.  This,  if  carbonic  acid  be  present, 
will  occasion  a  precipitate,  which  will  dissolve,  with  efferves- 
cence, on  adding  a  little  muriatic  acid.  Sulphureted  hydrogen 
may  also  be  contained,  along  with  carbonic  acid,  in  the  same 
water ;  which  will  be  determined  by  the  tests  hereafter  to  be 
described. 

In  some  cases,  when  the  change  of  colour  is  so  slight  as  to 
be  scarcely  )7erceptible,  it  may  be  proper  to  use  half  a  pint  or 
more  of  the  water  which  we  are  examining,  and  to  mix  it  with 
the  infusion  of  litmus  in  a  broad  shallow  glass  vessel,  set  on  a 
sheet  of  white  paper ;  using  for  the  sake  of  comparison  a  simi- 
lar vessel  of  distilled  water,  coloured  by  an  equal  quantity  of 
the  litmus  infusion. 
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8.  Paper  tinged  with  litmus  b  also  reddened  by  the  presence 
of  carbonic  acid,  but  regains  its  blue  colour  on  drying.  The 
mineral  and  fixed  acids  redden  it  permanently.  That  these 
acids,  however,  may  produce  their  effect,  it  is  necessary  that 
they  should  be  present  in  a  sufficient  proportion.*  The  dark 
blue  paper,  which  is  generally  wrapped  round  loaves  of  refined 
sugar,  is  not  discoloured  by  carbonic  acid  or  sulphureted  hy- 
drogen,  but  only  by  the  stronger  acids. 

11.—- Jn/ksion  o/*  Litmus  reddened  by'  Finegar,^^Sfnriitums 
Tincture  of  BrazH-wood^ — Tincture  of  Turmeric^  and  Paper 
stained  with  each  of  these  three  Substances, — Acid  Tincture  of 
Cabbagef^-^Syrup  of  Violets. 

All  these  different  tests  have  one  and  the  same  object. 

- 1.  Infusion  of  litmus  reddened  by  vin^ar,  or  litmus  paper 
reddened  by  vinegar,  has  its  blue  colour  restored  by  pure 
alkalis  and  pure  earths,  and  by  carbonated  alkalis  and  earths. 
This  effect  is  even  produced  by  carbonate  of  lime  dissolved 
by  a  considerable  excess  of  carbonic  acid ;  for  in  this  case  the 
fixed  acid,  which  reddens  the  litmus,  is  neutralized  by  the 
lime,  and  the  volatile  carbonic  acid  is  displaced.  Hence  it  is 
that  lime,  though  supersaturated  with  carbonic  acid,  must 
necessarily  act  like  an  alkali  on  vegetable  colours. 

2.  Turmeric  paper  and  tincture  are  changed  to  a  reddish 
brown  by  alkalis,  whether  pure  or  carbonated,  and  by  pure 
earths,  but  not  by  carbonated  earths.  Dr.  Bostock  finds  that 
it  is  obviously  affected  by  a  solution,  containing  only  -rcVir  ^^ 
its  weight  of  potassa. 

Turmeric  paper,  it  must  howevei:  be  stated,  is  turned  browa 
by  muriatic  acid  gas  and  strong  acids  in  general;  by  boracic 
acid ;  sub-acetate  of  lead ;  by  all  the  soluble  salts  of  ii-on  except 
the  acetate;  by  submuriate  of  zinc;  and  by  several  otlier 
metallic  salts,  enumerated  by  Mr.  Faraday.  (Quarterly  Jour* 
naif  xili.  315.) 

3.  The  red  infusion  of  Brazil-wood,  and  paper  stained  with 
it,  become  blue  by  alkalis,  and  eartlis,  and  even  by  the  latter 

•  See  Kirwan  on  Mineral  Waters,  p.  40. 
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i¥hen  dissolved  by  an  excess  of  csi^bonic  acid.  In  the  last- 
mentioned  case,  however,  the  change  will  either  cease  to  ap* 
pear,  or  will  be  much  less  remarkable,  when  the  water  has 
been  boiled.  It  has  been  shown,  also,  by  Bonsdoi^ff,  that  both 
the  paper  and  tincture  are  affected  by  acids,  a  rose  colour 
being  generally  produced,  but  in  a  manner  and  degree  varying 
with  each  particular  acid.     (Annals  of  Phil,  N.S.  iv,  23.) 

4.  Infusion  of  the  leaves  of  red  cabbage  in  very  dilute  sul* 
phuric  acid  has  a  red  colour,  which  is  rendered  blue  by  alkalis, 
when  added  in  quantity  just  sufficient  to  neutralize  the  acid. 
Hence>  if  the  infusion  be  made  with  a  known  quantity  of  acid, 
it  becomes  a  test  of  the  quantity  of  alkali  in  any  solution.  As 
it  is  apt  to  spoil  by  keeping,  it  should  be  prepared  fresh  when 

.  wanted,  from  the  leaves,  dried  carefully  and  preserved  in  corked 
vials. 

5.  Syrup  of  violets,  when  pui-e,  is^  by  the  same  agents, 
turned  green  ;*  as  is  also  paper  stained  with  the  juice  of  the 
violet,  or  with  the  scrapings  of  radishes. 

III.— Tincltire  of  Galls. 

Tincture  of  galls  is  the  test  generally  employed  for  discover- 
ing iron ;  with  all  the  combinations  of  which  it  produces  a 
black  tinge,  more  or  less  intense  according  to  the  quantity  of 
iron.  The  iron,  however,  which,  in  natural  waters,  exists  in 
the  state  of  protoxide,  in  order  to  be  detected  by  this  test, 
must  be  in  the  state  of  peroxide.  If  oxidized  in  a  less  degree, 
its  effect  will  not  be  apparent,  unless  after  standing  some  time 
in  contact  with  the  air,  or  adding  some  substance^  such  as  a 
littleof  the  solution  of  chloride  of  lime,  which  speedily  con- 
verts the  protoxide  into  peroxide.  By  applying  tincture  of 
galls  before  and  nfler  evaporation  or  boiling,  we  may  know 
whether  the  iron  be  held  in  isolution  by  carbonic  acid,  or  by  a 
fixed  acid ;  For, 

1.  If  it  produce  its  effect  before  the  application  of  heat^  and 
not  afterward,  carbonic  acid  is  the  solvent. 


*  In  preference  to  the  syrup,  Mr.  Descroizilles  recommends  as  a  test  the 
pickle  of  violets,  prepared  by  adding  common  salt  to  the  expressed  juice. 
(Ann ales  de  Chimie,  Ixvii.  80;  or  Nicholson's  Journal,  xxv*  233.) 
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S.  If  after  boiling  and  filtration  through  paper,  as  well  as 
before,  a  mineral^acid  is  the  solvent. 

3.  If,  by  the  boiling,  a  yellowish  powder  be  precipitated, 
and  yet  galls  continue  to  strike  the  water  black,  the  iron, 
as  often  happens,  is  dissolved  both  by  carbonic  acid  and  by  a 
fixed  acid.  A  neat  mode  qf  applying  the  gall-test  was  used 
by  M.  Klaproth,  in  his  analysis  of  the  Carlsbad  water;  a 
slice  of  the  galUuut  was  suspended  by  a  silken  thread  in  a 
large  bottle  of  the  recent  water,  and  so  small  was  the  quantity 
of  iron,  that  it  could  only  be  discovered  in  water  fresh  from 
the  spring,  by  a  slowly-formed  and  dark  cloud,  surrounding 
the  re-agent.* 

It  has  been  remarked  by  Mr.  R.  Phillips,  that  the  presence 
of  carbonate  of  lime  modifies  considerably  the  action  of  the  gall 
test  on  iron.  When  the  iron  is  at  the  minimum  of  oxidation, 
it  rather  heightens  the  colour  produced  by  this  test ;  but  when 
the  metal  is  in  the  state  of  pcr-oxide,  it  diminishes  the  effect 
so  much,  that  a  very  minute  quantity  of  iron  may  elude  en- 
tirely the  action  of  the  gall  test.  An  ounce  measure  of  solu- 
tion of  carbonate  of  lime,  containing  ^Vot  ^^  <>f  ^  grain  of 
protoxide  of  iron,  was  sensibly  afiected  by  tincture  of  galls ; 
but  the  same  proportion  of  protoxide,  by  being  converted  into 
peroxide,  ceased  any  longer  to  affect  the  test.  (See  Children's 
Translation  of  Thenard,  p.  250.) 

IV. — Sulphuric  Acid. 

1.  Sulphuric  acid  discovers,  by  a  slight  effervescence,  the 
presence  of  carbonic  acid,  whether  uncombined  or  united  with 
alkalis  or  earths. 

2,  If  lime  be  present,  whether  pure  or  uncombined,  the 
addition  of  sulphuric  acid  occasions,  after  a  few  days,  a  white 
precipitate.  If  from  a  mineral  water,  which  has  been  well 
boiled,  the  addition  of  sulphuric  acid  extricates  sulphureted 
hydrogen  gas,  Mr.  Westrumb  infers  the  presence  of  hydro- 
sulphuret  of  lime.  In  this  case,  sulphate  of  lime  is  precipi- 
tated.f 

•  Klaproth,  vol.  i.  page  879.  t  Nicholson's  Journal,  xviii,  40. 
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3.  Baryta  is  precipitated  instantly,  in  the  form  of  a  white 
powder. 

4.  Nitric  and  muriatic  salts,  in  a  dry  state,  or  dissolved  in 
very  little  water,  on  adding  sulphuric  acid,  and  a|)plying  heat, 
are  decomposed;  and  if  a  stopper,  moistened  with  solution  of 
pure  ammonia,  be  held  over  the  vessel,  white  clouds  will 
appear.  For  distinguishing  whether  nitric  or  muriatic  acid 
be  the  cause  of  this  appearance,  rules  will  be  given  hereafter. 

5.  Sulplmric  acid  is,  also,  a  delicate  test  of  the  presence  of 
v^etable  or  carbonaceous  matter.  When  to  any  water  con- 
taining it,  sulphuric  acid  is  added,  and  the  water  is  evaporat- 
ed, it  acquires  a  distinct  brown  colour,  which  becomes  deeper 
as  the  liquor  becomes  more  concentrated. 

V. — Niiric  and  Nitrous  Acids. 

These  acids,  If  they  occasion  efTervescence,  give  the  same 
indications  as  the  sulphuric.  The  fuming  red  nitrous  acid 
has  been  recommended  as  a  test  distinguishing  between 
hepatic  waters  that  contain  hyclro-sulpluiret  of  potassa,  and 
those  that  contain  only  sulphureted  hydrogen  gas.  In  the 
former  case,  a  precipitate  ensues  on  adding  nitrous  acid,  and 
a  very  fetid  smell  arises;  in  the  latter,  a  slight  cloudiness  only 
appears,  and  the  smell  of  the  water  becomes  less  disagreeable. 
If  a  water,  after  lioiling,  gives  a  precipitate  of  sulphur,  on 
adding  nitrous  acid,  Westrumb  concludes  that  this  is  owing 
to  hydro-sulphuret  of  lime. 

VI. — Oxalic  Add  and  Oxalates. 

The  oxalic  acid  is  a  most  delicate  test  of  lime,  which  it  se- 
parates  from  most  of  its  combinations. 

1.  If  a  water,  which  is  precipitated  by  oxalic  acid,  lieconie 
milky  on  adding  a  watery  solution  of  carbonic  acid,  or  by 
blowing  air  through  it  from  the  lungs,  by  means  of  a  quill  or 
glass  tube,  we  may  infer,  that  pure  lime  (or  baryta,  which  has 
never  yet  been  found  pure  in  water)  is  present. 

2.  If  the  oxalic  acid  occasion  a  precipitate  before,  but  not 
after  boiling,  the  lime  is  dissolved  by  an  excess  of  carbonic 
acid.    In  this  case,  by  heating  the  water,  carbonate  of  lime  is 

VOL.  II.  2   K 
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•eparaUd,  in  the  fonn  of  a  white  tediment^  or  of  a  tediniait 
tinged  yellow  by  oxide  of  iron,  when  that  metal  is  also  pr^ 
ient« 

8.  If  oaudic  acid  occasion  a  precipitate  cren  after  bofling^ 
the  ftolrent  of  the  lime  it  a  fixed  acid.  A  considerable  excess 
of  any  of  the  mineral  acids,  however,  prevents  the  oxalic  acid 
from  throwing  down  a  precipitate,  even  though  lime  be  pre- 
sent; because  some  acids  decompose  the  oxalic,  and  others, 
dissolving  the  oxalate  of  lime,  prevent  it  from  appearing.* 

The  oxaiatit  of  ammonia,  or  of  potassa  (which  may  easily  be 
farmed  by  saturating  the  respective  carbonates  of  these  alkalis 
with  a  solution  of  oxalic  acid),  are  not  liable  to  the  above 
objection,  and  are  preferable^  as  re-agents,  to  the  uncombined 
acid.  Yet  even  these  oxalates  fail  to  detect  lime  when  greatly 
supersaturated  with  muriatic  or  nitric  acids ;  and,  if  such  an 
excess  be  present,  it  must  be  neutralized,  before  adding  the 
test,  with  pure  ammonia.  A  precipitation  will  then  be  pro- 
duced. Hie  presence  of  other  earths  in  solution,  along  with 
lime,  also  impedes  decomposition  by  oxalic  acid  and  the 
oxalates.  Thus  a  watery  solution  of  sulphate  of  magnesia  and 
sulphate  of  lime  is  not  precipitated  by  these  tests. 

The  quantity  of  lime  contained  in  the  precipitate  may  be 
known,  by  first  calcining  it  with  access  of  air,  which  converts 
the  oxalate  into  a  carbonate;  and  by  expelling  from  this  last 
its  carbonic  acid,  by  calcination,  with  a  strong  heat,  in  a 
covered  crucible.  According  to  Dr.  Marcet,  117  grains  of 
sulphate  of  lime  give  lOQ  of  oxalate  of  lime,  dried  at  160^; 
but  as  there  must  be  some  uncertainty  as  to  the  degree  of 
desiccation,  it  is  perhaps  the  most  accurate  method  to  convert 
the  oxalate  into  pure  lime  by  calcination.  The  use  of  oxalate 
of  ammonia,  that  excellent  analyst  finds,  is  in  some  degree 
limited  by  its  property  of  precipitating  the  salts  of  iron. 

The  fluate  of  ammonia,  recommended  by  Scheele,  I  find  to 
be  a  most  delicate  test  of  lime.  It  may  be  prepared  by  adding 
carbonate  of  ammonia  to  diluted  fluoric  add,  ifi  a  leaden 
sel,  observing  that  there  be  a  small  excess  of  acid# 

'  -'       '  '^  ,  ■      ■  ■  «■■;■■■.■■■■■ 

*  Sfs  Kirwao  on  Waters;  p.  88. 
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VlL-^Pure  Alkalis  and  tiarbonalid  Alkalis. 

]i  The  purd  fixed  aikalfa  pfeetpltttte  inoit  ef  Ui«  eardtt  fliid 
nil  the  fiietai%  whether  dittolved  bjr  tokitile  (Mr  flMd  dieiiftroii^ 
but  only  in  etrUAn  stiftes  of  dilution)  for  exftmplei  sulphate  of 
alamina  may  b^  present  in  water^  in  ihH  proponioft  6f  ibar 
grains  Us  500,  withdtit  being  discbvei^ed  by  pord  fited  alkalis  $ 
and  if  too  much  of  the  alkali  be  added  to  a  mord  eoncetftratcd 
solutbn,  the  alumina  is  re^dissolved.  If  the  alkali  be  perfectly 
free  from  carbonic  acid,  it  does  not  prddpitate  lime,  strontia, 
or  baryta,  except  when  those  earths  are  held  in  solution  by 
carbonic  acid  in  excess,  and  then  in  the  state  of  carbonates. 

As  the  alkalis  precipitate  so  many  substances,  it  is  evident 
that  they  cannot  afford  any  very  precise  information,  when 
employed  as  re-agents*  From  the  colour  of  the  precipitate^ 
as  it  approaches  to  *a  pure  white,  or  recedes  from  it^  an  ex- 
perienced eye  will  judge,  that  the  precipitated  earth  contains 
less  or  more  of  metallic  admixture.  Its  precise  composition 
must  be  ascertained  by  rules  which  will  presently  be  given. 

3.  Pure  fixed  alkalis  also  decompose  all  salts  with  basis  of 
ammonia,  which  becomes  evident  by  its  smell  (unless  the  salts 
are  dissolved  in  much  water),  and  also  by  the  white  fumes  it 
exhibits  when  a  stopper,  moistened  with  muriatic  aeid^  is 
brought  near. 

3.  Carbonates  of  potassa  and  of  soda  have  similar  eflects. 

4.  Pure  ammonia  precipitates  most  of  the  earthy  and  all  the 
metallic  salts ;  but  if  quite  pure,  it  does  not  precipitate  lime, 
baryta,  or  strontia^  when  held  in  solution  by  any  acid,  except 
the  carbonic,  nor  does  it  discover  very  small  quantities  of 
magnesia,  tt  has  this  advantage  as  a  precipitant  of  alumina, 
that  when  added  in  excess  it  does  not  re-dissolve  that  earth. 
To  any  liquid  that  contains  copper  or  nickel  in  a  state  of 
solution,  ammonia  imparts  a  deep  blue  colour ;  the  precipi- 
tated oxides  of  those  metals  being  re-dissolved  by  an  excess  of 
the  volatile  alkali. 

5.  Carbonate  of  ammonia  has  the  same  properties,  except 
that  it  does  not  precipitate  magnesia  from  its  solutions  at  com- 

•  mon  temperatures.    Hence,  to  ascertain  whether  this  earth 

2  K  2 
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be  present  in  any  solution,  add  the  carbonate  of  ammonia  till 
no  fiurtber  precipitation  ensues;  filter  tbe  liquor;  raise  it 
nearly  to  212^  Fahrenheit ;  and  then  add  pure  ammonia.  If 
any  precipitation  now  occurs,  we  may  infer  the  presence  of 
magnesia.  ^It  must  be  acknowledged  that  adrconia,  yttria,  and 
glucina,  would  escape  discovery  by  this  process;  but  they  have 
never  yet  been  found  in  mineral  waters ;  and  their  presence 
can  scarcely  be  expected.  Of  the  presence  of  magnesia  an- 
other test  b  described  in  Section  XIX. 

VUL—Lime^fValer. 

1.  Lime-water  is  applied  to  the  purposes  of  a  test,  chiefly 
for  detecting  carbonic  acid.  Let  any  liquor  supposed  to  con- 
tain this  acid  be  mixed  with  an  equal  bulk  of  lime-water.  If 
carbonic  acid  be  present,  either  free  or  combined,  a  precipi- 
tate will  immediately  appear,  which,  on  adding  a  few  drops  of 
muriatic  acid,  will  again  be  dissolved  with  effervescence. 

2.  When  lime-water  is  added  to  a  water  containing  carbo- 
nate of  lime  dissolved  by  an  excess  of  carbonic  acid,  that 
excess  unites  with  the  lime,  and  forms  an  insoluble  precipitate. 
In  this  case,  in  addition  to  the  carbonate  of  lime  which  before 
existed  in  the  water,  a  fresh  portion  of  carbonates  is  formed, 
and  both  are  precipitated  together. 

S.  When  neither  uncombined  carbonic  acid,  alkaline  or 
earthy^  carbonates,  alumina,  nor  oxide  of  iron,  exist  in  a  mineral 
water,  lime-water  is  one  of  the  best  precipitants  of  magnesia. 
It  is  necessary,  however,  in  order  to  obtain  tbe  magnesia,  to 
concentrate  the  water  by  evaporation.  Less  than  the  twelfth 
part  of  a  grain  of  magnesia  in  a  wine  pint  of  water,  Mr. 
Phillips  finds  may  be  shown  to  exist  by  adding  lime-water. 
(Ann.  of  Phil.  N.S.  i.  309.) 

'  4.  Lime-water  will  also  show  the  presence  of  corrosive  sul>- 
limate  by  a  brick-dust  coloufed  sediment.  If  arsenious  acid 
(common  arsenic)  be  contained  in  a  liquid,  lime-water,  when 
added,  will  occasion  a  precipitate^  consisting  of  lime  and  arse- 
nious acid,  which  is  very  difficultly  soluble  in  water.  This 
precipitate,  when  mixed  up  with  oil,  and  laid  on  hot  coals, 
yields  the  well-known  garlic  smell  of  arsenic 
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IX.— Pi/re  Baryta^  and  Us  Solution  in  Water. 

1.  A  solution  of  pure  baryta  is  even  more  effectual  than 
lime-water  in  detecting  the  presence  of  carbonic  acid,  and  is 
much  more  portable  and  convenient ;  since,  from  the  crystals 
of  this  earth,  the  barytic  solution  may  at  any  time  be  immedi* 
ately  prepared.  In  discovering  carbonic  acid,  the  solution  of 
baryta  is  used  simil^iy  to  lime-water,  and,  if  this  acid  be 
present,  gives,  in  like  manner,  a  precipitate  soluble  with  effer- 
vescence in  dilute  muriatic  acid.  If  the  precipitate  be  dried, 
and  exposed  for  a  very  short  time  to  A  low  red  heat,  every 
100  grains  will  indicate  22  grains  ==  47-^-  cubic  inches,' of  car- 
bonic acid  gas. 

2.  The  barytic  solution  is  also  a  most  sensible  test  of  sul- 
phuric acid  and  its  combinations,  which  it  indicates  by  a  pre- 
cipitate not  soluble  in  muriatic  acid. — Pure  strontia  has  simi- 
lar effects  as  a  test.  The  quantity  of  the  precipitated  sub- 
stance, indicated  by  the  weight  of  the  precipitate,  will  be 
stated  in  No.  XV. 

X. — Metals. 

1.  Of  the  metals,  silver  and  mercury  are  tests  of  the  pre- 
sence of  hydro-sulphurets,  and  of  sulphureted  hydrogen  gas. 
If  a  little  quicksilver  be  pat  into  a  bottle  containing  water  im- 
pregnated with  cither  of  these  substances,  its  surface  soon  ac- 
quires a  black  film,  and,  on  shaking  the  bottle,  a  blackish 
powder  separates  from  it.  Silver  is  speedily  tarnished  by  the 
same  cause. 

2.  A  beautiful  application  of  gold  leaf  as  a  test  of  the  pre- 
sence of  small  quantities  of  salts  containing  nitric  acid,  has 
been  contrived  by  Dr.  WoUaston.  Let  the  water,  suspected  to 
contain  any  nitrate,  be  concentrated  by  evaporation ;  then  add 
a  little  sulphuric  acid  to  the  heated  water,  with  a  small  quan- 
tity of  muriate  of  soda,  unless  the  water  already  contain  some 
muriate,  when  the  last  mentioned  addition  is  unnecessary. 
Immerse  a  little  gold  leaf  in  the  mixture,  and  boil  it.  If  any 
nitrate  be  present,  the  gold  leaf  will  be  immediately  dissolved, 
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and  a  smell  of  aqaa  r^a  wOl  genernlly  be  perceived.    (Dr. 
Marcet  on  Sea  Watier,  Phii.  Trans.  1888,  p.  458.) 

S.  The  metak  may  be  used  also  as  tests  of  each  other,  on 
the  principle  of  elective  affinity.  Thns,  for  example,  a  po- 
lished iron  plate,  immersed  in  a  solotion  of  sulphate  of  copper, 
soon  acquires  a  coating  of  the  latter  metal ;  and  the  same  in 
other  similar  examples. 

XY.— Sulphate  of  him. 

This  is  the  only  oqe  of  the  sulphates,  except  thai  of  silver, 
applicable  to  the  purposes  of  a  test  When  used  wifb  this 
view  it  is  generally  employed  for  ascertaining  the  presence  of 
oxygen  gas,  of  which  a  natural  water  may  contain  a  smiU 
quantity. 

A  wat^r,  suspeoted  to  contain  this  gas,  tnay  be  mixed  wi|h 
a  little  recently-dissolved  sulphate  of  iron,  and  k^t  corked 
up,  in  a  pbiiil  coippletely  filled  by  the  mixture.  If  peroxida 
of  iron  be  precipitated  in  the  course  of  a  few  djiyei,  the  Wilif^r 
may  be  inferred  to  contain  oxygen  gas. 

XII. — Sulphalej  NUrate,  and  Acetate  of  Silver. 

These  solutions  are  all  in  some  measure  applicable  to  simi- 
lar purposes. 

1.  lliey  are  peculiarly  adapted  to  the  discovery  of  chlorine 
and  muriatic  acid,  and  of  chlorides  and  muriates.  Tiie  silver, 
quitting  its  solvent,  combines  with  the  chlorine ;  and  the  oxy- 
gen, abandoned  by  the  silver,  unites  with  the  hydrogen  of  the 
muriatic  acid.  A  flaky  precipitate  of  chloride  of  silver  fails 
dovrn,  which,  at  first,  is  white,  but  on  exposure  to  the  sun's 
light,  acquires  a  bluish,  and  finally  a  black  colour.  This 
precipitate,  dried  and  fused  by  a  gentle  heat.  Dr.  Black  states 
to  contain,  in  1000  parts,  as  much  muriatic  acid  as  wouM 
form  425}  of  crystallized  common  salt,  which  estimate  scarcely 
differs  at  all  from  that  of  Klaproth.  The  same  quantity  of 
chloride  of  silver  (1000  parts)  indicates,  according  to  Kirwan, 
4541-  of  muriate  of  potassa  (chloride  of  potasaium).  Dr.  Mar- 
cet's  experiments  and  my  own  indicate  a  larger  product  of 
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chloride  of  tiiver  firom  the  deeompoiitioa  of  dry  chloride  of 
flodinm,  visiu  not  les*  than  240  grains  ffom  100  of  common 
salt  Hence  100  grains  of  fiised  chloride  of  silver  denote 
41.0  of  chloride  of  sodium,  and  a  qaantity  of  chlorine  capable 
of  forming  with  hydrogen  about  S5  grains  of  muriatic  acid. 
A  pfeeipitation,  howcYer,  may  arise  from  other  causes,  which 
it  may  be  proper  to  state. 

U.  The  solutions  of  silver  in  acids  are  precipitated  by  car- 
bonated alkalis  and  earths.  The  agency  of  the  alkalis  and 
earths  may,  however,  be  prevented,  by  previously  saturating 
them  with  a  few  drops  of  the  same  acid  in  which  the  ooMe  of 
silver  is  dissolved. 

S.  The  nitrate  and  acetate  of  silver  are  decomposed  by  the 
sulphuric  and  sulphurous  acids ;  but  this  may  be  prevented  by 
adding,  previously,  a  few  drops  of  nitrate  or  acetate  of  baiyta, 
and,  after  allowing  the  precipitate  to  subside,  the  clear  liquor 
may  be  decanted,  and  the  solution  of  silver  added.  Should  a  . 
precipitation  now  take  place,  the  presence  of  muriatic  acid,  or 
some  one  of  its  combinations,  may  be  inferred.  To  remove 
imcertaioty,  whether  a  precipitation  be  owing  to  sulphurie  of 
rourklic  acid,  a  solution  of  sulphate  of  silver  may  be  employed 
in  the  first  instance,  which,  when  no  uncomfa^ed  alkali  or 
earth  is  present,  denotes  with  certainty  the  presence  of  the 
muriatic  acid.  According  to  Professor  F&j^  one  part  of  mu- 
riatic aeid  of  the  specific  gravity,  1*15,  diluted  with  70^000 
parts  of  water,  barely  exhibits  a  slight  opaline  tinge,  when 
tested  with  nitrate  of  silv^ ;  and,  when  diluted  with  ft0,000 
parts  of  wat^,  it  is  not  aflfected  at  alK*  Mr.  Meyer  of  Stettia 
assigns,  however,  a  much  more  extensive  power  to  nitrate  of 
nhrer,  as  a  teat  of  muriatic  acid.f 

4.  When  solutions  of  silv^are  added  tocoroponnds  of  chlorine 
with  oxides,  for  ecample  to  chloride  of  lime  (oxide  of  calcium), 
no  escape  of  oxygen  gas  takes  places  although  the  silver  can* 
not  unite  with  chlorine  without  abandoning  its  oxygen.  This 
mygen,  detached  from  the  silver,  most  necessarily  miite  with 
the  chlorine,  and  form  chloric  acid,  which  constitutes  with 
silver  a  sclnble  compound.  It  is  necessary,  then,  after  adding 
nitrate  of  silver  to  solution  of  chloride  of  lime  till  no  farther 

*  Nieliolsoii's  Journal,  xYii.  361.  f  Tbonton^  Aoiiaif,  v.  es. 
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precipitate  ensues,  to  decant  the  clear  liqa^d,  {l>  fvapcxrate  it 
to  drjmess,  and  heat  the  residne.  Oxygai  gas  will  be  dis- 
engaged, and  to  the  residuum  water  acidulated  with  nitric 
acid  may  be  added,  which  will  leave  the  chloride  of  silver. 
This  process  is  always  necessary  when  the  base  of  any  chloride, 
which  we  wish  to  decompose  by  nitrate  of  silver,  is  a  metallic 
oxide.  (Ann.  de  Chim.  et  Phys.  xL  108.) 
'  5.  The  solutions  of  silver  are  precipitated  by  sulphureted 
hydrogen,  and  by  hydro-snlphurets ;  but  the  precipitate  is 
then  reddish,  or  brown  or  black ;  or  it  may  be,  at  first,  white, 
and  afterwards  become  speedily  brown  or  black.  It  is  soluble, 
in  great  part,  in  dilute  nitric  acid,  which  is  not  the  case  if  oc- 
casioned by  muriatic  or  sulphuric  acid. 

6.  The  solutions  of  silver  are  precipitated  by  vegetable  ex- 
tractive matter ;  but,  in  this  case,  also^  the  precipitate  has  a 
dark  colour,  and  is  soluble  in  nitrous  acid. 

XIIJ. — Nitrate  and  Acetate  of  Lead. 

1.  Acetate  of  lead,  the  most  eligible  of  these  two  tests,  is 
precipitated  by  sulphuric  and  muriatic  acids ;  but,  as  we  have 
much  better  indicators  of  both  these  adds,  I  do  not  enlarge 
on  its  application  to  this  purpose. 

2.  The  acetate  of  lead  is  also  a  test  of  sulphureted  hydrogen 
and  of  hydro-sulphurets  of  alkalis,  which  occasion  a  black 
precipitate;  and,  if  white  paper,  on  which  characters  are 
traced  with  a  solution  of  acetate  of  lead,  be  held  over  a 
portion  of  water  containing  sulphureted  hydrogen  gas,  they 
are  soon  rendered  visible ;  especially  when  the  water  is  a  little 
warmed. 

3.  The  acetate  of  lead  is  employed  in  the  discovery  of  un- 
combined  l)oracic  acid,  a  very  rare  ingredient  of  waters.  To 
ascertain  whether  this  be  present,  some  cautions  are  necessary. 
(a)  The  uncombined  alkalis  and  earths  (if  any  be  suspected) 
must  be  saturated  with  acetic  or  acetous  acid,  (b)  The  sul- 
phates must  be  decomposed  by  acetate  or  nitrate  of  baryta 
and  the  muriates  by  acetate  or  nitrate  of  silver.  The  filtered 
liquor,  if  boracic  acid  be  contained  in  it,  will  continue  to  give 
a  precipitate,  which  is  soluble  in  nitric  acid  of  the  specific 
gravity  L3. 

4.  Acetate  of  lead  is  said,  also,  by  Pfafi*,  to  be  a  very  delicate 
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test  of  carbonic  acid;  and  that  it  renders  milky  water,  which 
contains  the  smallest  possible  quantity  of  this  acid.  In  this 
case,  the  precipitate,  which  is  produced,  must  necessarily  be 
re-dissolved  with  efierrescence,  on  adding  a  few  drops  of  acetic 
or  dHuted  nitric  acid. 

XIY ^-^Niirale  of  Mercury  prepared  wilk  and  wUhout  Heat. 

Tliis  solution,  differently  prepared,  is  sometimes  employed 
as  a  test. 

1  •  The  solution  of  nitrate  of  mercury,  prepared  without 
heat,*  has  been  found  by  Pfaff  to  be  a  much  more  sensible  test 
of  muriatic  acid  tban  nitrate  of  silver.  Its  sensibility,  indeed, 
is  so  great,  that  one  part  of  muriatic  acid,  of  the  specific  gravity 
1.50,  diluted  with  300,000  parts  of  water,  is  indicated  by  a 
slightly  dull  tint  ensuing  on  the  addition  of  the  test. 

2.  It  is,  at  the  same  time,  the  most  sensible  test  of  ammonia, 
one  part  of  which,  with  80,000  parts  of  water,  is  indicated  by 
a  slight  blackish  yellow  tint,  on  adding  the  nitrate  of  mer- 
cury.f 

S.  The  nitrate  of  mercury  is  also  precipitated  by  highly 
diluted  phosphoric  acid ;  but  the  precipitate  is  soluble  in  an 
excess  of  phosphoric  or  nitric  acid,  which  is  not  the  case  if  it 
has  been  occasioned  by  muriatic  acid. 

XV. — Muriate^  Nitrate^  and  Acetate  of  Baryta. 

1.  These  solutions  are  all  most  delicate  tests  of  sulphuric 
acid  and  of  its  combinations,  with  which  they  give  a  white 
precipitate,  insoluble  in  diluted  muriatic  acid.  They  are  de- 
composed, however,  by  alkaline  carbonates;  but  the  precipi- 
tate thus  occasioned  is  soluble  in  diluted  muriatic  or  nitric 
acid,  with  effervescence,  and  may  even  be  prevented  by  adding, 
previously,  a  few  drops  of  the  same  acid  as  that  contained  in 
the  barytic  salt,  which  is  employed. 

One  hundred  grains  of  dry  sulphate  of  baryta  contain 
(according  to  Klaproth,  vol.  i.  page  168)  about  45|  of  sul- 
phuric acid  of  the  specific  gravity  1.850;  according  to  Clay- 
field  (Nicholson's  Journal,  4to.  iii.  88),  88  of  acid,  of  the  spe- 

*  Sse  chap.  \u  eecc  33*  f  Sanssure,  Thoiuon's  Annals,  ti.  480. 
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fiific  gravity  2.240 1  the  true  quantity  howe?ar  is  probiibly  34 
of  real  acid.  Kirwtin  statMy  that }  70  grains  of  ignited  aulpbate 
of  baryta  donote  100  ofdricKl  sulphate  of  soda  i  thai  186.36  of 
the  same  substance  indicate  100  of  dry  sulphate  of  potassai 
and  that  100  parts  result  from  the  precipitation  of  d2«ll  of  dry 
sulphate  of  magnesia. 

From  Klaproth's  experiments^  it  appears,  that  1000  grains 
of  sulphate  of  baryta  indicate  595  of  desiccated  sulphata  of 
soda,  or  1416  of  the  crystallized  salt.  The  same  chemist  has 
shown,  that  100  grains  of  sulphate  of  baryta  are  produced  by 
the  precipitation  of  71  grains  of  sulphate  of  Ume}  of  ordinary 
dryness.  The  results  of  my  own  experiments  are  stated  m 
vol.  i.  page  570.  Fropn  these  it  follows,  that  100  grains  of  ig- 
nited sulphate  of  baryta  denote  57  of  calcined  sulphate  of 
lime;  or  73  of  the  same  sulphate,  dried  by  a  temperature  of 
only  160^  Fahrenheit.  Desiccated  sulphate  qf  iqagn^ia, 
when  decomposed  by  muriate  of  baryta,  affords  twice  ita 
weight  of  the  barytic  sulphate. 

It  has  been  remarked  by  Berzelius,  that  when  sulphuriQ 
acid  is  precipitated  from  some  of  the  weaker  bases  by  a  barytic 
salt,  the  precipitated  sulphate  of  baryta  is  combined  wiUi  a 
portion  of  those  bases.  Thus  when  sulphate  qf  iron  or  copper 
is  decomposed  by  muriate  of  baryta,  the  sulphate  of  barytaf 
when  dried  and  calcined,  assumes  a  reddish  colour  in  the 
first  case^  or  a  yellowish  green  in  the  second*  In  orderi  there- 
fore, to  determine  with  precision  the  quantity  of  sulphuric 
acid,  it  is  necessary  to  remove  the  excess  of  oxide  by  some  9cid 
in  which  it  is  soluble.     (Ann.  de  Chim.  et  Phys.xiv.  376.) 

2.  By  the  cautious  addition  of  acetate  of  baryta,  as  long  as 
it  occasions  any  precipitate^  all  the  sulphates  existing  ip  any 
solution  are  decomposed,  and  their  bases  are  obtained  united 
with  acetic  acid.  By  evaporating  the  liquid  to  dryness,  and 
calcining  the  residuum,  the  acetic  acid  is  destroyed,  and  the 
bases  of  these  salts  may  be  obtained  separate,  or  combined 
only  with  earbonic  acid,  and  in  this  state  may  be  recognised 
by  properties  which  are  more  characteristic  than  those  be- 
longing to  them  in  a  state  of  more  energetic  combination. 
In  this  way  the  alkaline  bases  may  be  obtained  separately 
from  the  earthy  ones;  for  the  mere  addition  of  water  to  the 
inoineratpd  mass  takes  up  the  firmer,  and  leaves  the  latter« 
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S.  Phosphoric  lal^  oonwion  a  proeipitote  ako»  Mrith  barytio 
solutions,  which  is  soluble  in  dilute  muriatic  and  nitric  acids 
witboot  efi^eseence. 

XVl^^f^Triph  Pruisiaief  or  Ftrre^Cyknatfi  ofP^iuisa  and 

Of  these  two,  the  prussiate  of  potassa  Is  the  most  eligible, 
When  pMre,  it  doe$  not  speedily  assume  a  blue  colour  on  the 
addition  of  an  acid,  nor  does  it  immediately  precipitate  muriate 
of  baryta.  Ferro-cyanate  of  ammonia  is  preferred  by  some 
chemists,  (See  Quart.  Journ.  ix.  408.)  but  1  believe  it  has  nq 
real  advantage  over  that  of  potassa. 

Prussiate  of  potassa  is  a  very  sensible  test  of  Iron,  with  the 
solutions  of  which  in  acids  it  produces  a  prusslan  blue  preci* 
pitatei  in  consequence  of  a  double  elective  affinity.  To  render 
Us  effect  more  certain,  however,  it  may  be  proper  to  add, 
previously,  to  any  lyater  suspected  to  contain  iron,  a  little 
muriatic  acid,  with  a  view  to  the  saturation  of  the  uncombined 
alkalis  or  earths,  which.  If  present,  prevent  the  detection  of 
very  minute  quantities  of  that  metal  by  the  prusslan.  test. 

1.  If  a  water,  after  boiling  and  filtration,  does  not  afford  a 
blue  precipitatCjt  on  the  addition  of  prussiate  of  potassa,  the 
solvent  of  the  iron  fnay  be  inferred  to  be  a  volatile  one,  and 
probably  the  carbonic  acid. 

2.  Should  the  precipitation  ensue  in  the  boiled  watcr^  the 
solvent  is  a  fixed  acid,  the  nature  of  which  must  be  ascertained 
by  other  tests. 

Efoubts  liad  been  thrown,  by  several  chemical  wrl||ters,  on 
the  fitness  of  the  ferro-cyanate  of  potassa  for  determining  the 
quantity  of  iron  in  solutions  of  that  m^tal.  But  Mr.  Porrett, 
in  his  able  inquiry  into  the  nature  qf  the  triple  prussiates, 
has  shown  that,  with  certfiin  precautions,  the  ferro-cyanate  of 
potassa  is  fully  adequate  to  this  purpose,*  It  is  neces^ry  to 
observe^ 

1st.  That  if  the  ferro-cyanate  itself,  after  being  dissolved  in 
water,  gives,  immediately,  a  blue  precipitate  by  the  addition 

•  PbU.  Trans.  1814,  p.  538. 
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of  muriatic  acid,  it  is  not  pure^  and  will  afford  a  felladous 
result. 

2dly.  That  if  the  salt,  however  pure,  be  added  m  excess 
to  a  solution  of  iron  containing  an  excess  of  acidf  and  then 
heated,  the  prussian  blue  thrown  down  will  weigh  more  than 
it  ought ;  because  some  is  furnished  by  the  decomposition  of 
the  ferro-cyanic  acid,  contained  in  that  part  of  the  salt,  which 
has  been  added  in  excess. 

Sdly.  That  prussian  blue,  even  after  it  has  been  formed,  is 
materially  acted  upon  by  a  mixture  of  nitric  and  muriatic 
adds,  and,  in  some  degree,  by  the  muriatic  acid  alone  at  a 
boiling  heat. 

4thly.  That  prussian  blue,  when  precipitated,  often  carries 
with  it  sulphate  of  potassa,  derived  from  the  liquid  from  which 
it  is  thrown  down ;  and  that  this  sulphate  adheres  to  it  so  ob- 
stinately, that  several  washings  with  water,  acidulated  with 
suljAuric  acid,  are  necessary  to  detach  it. 

5tbly.  That  if  ^the  solution,  to  which  the  test  is  applied, 
contain  not  only  iron,  but  alumina,  oxide  of  copper,  or  any 
othdr  substance,  which  the  test  is  known  to  precipitate,  thai 
substance  should  be  removed^  by  the  usual  means,  previously 
to  the  application  of  the  test. 

Suppose  then,  for  example,  that  we  have  baryta,  alumina, 
magnesia,  and  oxides  of  iron  and  copper,  in  a  state  of  solution 
by  nitro-muriatic  acid.  Tlie  solution,  if  not  already  neutral, 
should  first  be  rendered  so  by  the  cautious  addition  of  ammonia. 
The  barytic  salt  may  next  be  decomposed  by  a  solution  of 
sulphate  of  soda,  poured  in  till  it  ceases  to  occasion  a  predpi- 
tate.  Ammonia,  added  to  the  residuary  liquor,  throws  down 
the  other  earths  and  oxides,  and  an  excess  of  it  will  re-dissolve 
the  oxide  of  copper.  From  the  insoluble  part,  consisting  of 
alumina,  magnesia,  and  oxide  of  iron,  solution  of  pure  potassa 
will  remove  the  alumina.  The  oxide  of  iron  and  the  magnesia 
may  then  be  re-dissolved  in  any  suitable  acid ;  and  into  the 
solution,  neutralized,  or  nearly  so,  by  ammonia,  if  necessary, 
the  ferro-cyanate  may  be  poured,  till  it  ceases  to  produce 
any  effoct,  taking  care  to  add  as  little  excess  as  possible. 
The  precipitate  washed,  dried  at  a  steam  heat,  and  weighed. 
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will  indicate  in  every  100  grains,  34.835  grains  of  peroxide  of 
iron. 

Besides  iron,  the  prdssiated  alkalis  also  precipitate  muriate 
of  alumina.  No  conclusion,  therefor^  can  be  deduced, 
respecting  the  non-existence  of  muriate  of  alumina  from  any 
process,  in  which  the  prussic  test  has  previously  been  used. 
It  will,  therefore,  be  proper,  if  a  salt  of  alumina  be  indicated  by 
other  tests,  to  examine  the  precipitate  effected  by  ferro-cyanate 
«of  potassa.  This  may  be  done  by  repeatedly  boiling  it  to 
dryness  with  muriatic  acid,  whidi  takes  up  the  alumina,  and 
leaves  tlie  prussiate  of  iron.  From  the  muriatic  solution,  the 
alumina  may  be  precipitated  by  a  solution  of  carbonate  of 
potassa. 

According  to  Klaproth  (ii.  55%  solutions  of  yttria  (which 
earth,  however,  is  not  likely  to  be  present  in  any  mineral 
water)  afford,  with  the  prussian  test,  a  white  precipitate, 
passing  to  pearl*grey,  which  consists  of  prussiate  of  yttria. 
This  precipitate  disappears  on  adding  an  acid»  and  hence 
may  be  separated  from  prussiated  iron.  The  same  accurate 
chemist  states,  that  the  prussian  test  has  no  action  on  salts 
with  base  of  glucina  (ii.  55);  but  thatjt  precipitates  zirconia 
from  its  solutions  (ii.  214). 

The  prussiated  alkalis  decompose,  also,  all  metallic  solu« 
tions  excepting  those  of  gold,  platinum,  iridium,  rhodium, 
osmium,  and  antimony. 

X\lL-^Succinaie  of  Soda  and  of  Ammonia. 

1 .  The  succinate  of  soda  was  first  recommended  by  Gehlen, 
and  afterwards  employed  by  Klaproth  (Contributions,  ii.  48), 
for  tlie  discovery  and  separation  of  iron.  The  salt  with  base 
of  ammonia  has  also  been  used  for  a  similar  purpose  by  Dr. 
Marcet,  late  physician  to  Guy's  Hospital,  in  a  skilful  analysis 
of  the  Brighton  chalybeate,  which  is  published  in  the  new 
edition  of  Dr.  Saunders's  Treatise  on  Mineral  Waters. 

The  succinic  test  is  prepared  by  slighdy  super-saturating 
carbonate  of  soda  or  ammonia  with  succinic  acid.  In  apply- 
ing the  test,  it  is  necessary  not  to  use  more  than  is  sufficient 
for  the  purpose ;  because  an  excess  of  it  re-dissolves  the  pre- 
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eipitate.  The  best  mod^  of  proeeeditig  is  to  hefti  the  solution 
containing  iron,  and  to  add  gradually  the  solution  of  thestMh 
cinate^  until  it  ceases  to  pi^lice  any  turbidness.  A  brownish 
precipitate  is  obtained^  Consisting  of  Succinate  of  iron.  ThiSi 
when  calcined  with  a  little  wax^  in  a  low  red  hekt»  gitres  an 
oxide  of  iron,  containing  about  70  per  cent*  of  the  metal. 
From  Di*.  Marcel's  experiments,  it  appears  ihat  lOO  gmins  of 
iron,  dissolved  in  sulphuric  addi,  then  precipitated  by  the 
succinate  test,  and  afterwatds  burned  with  wax,  gi?e  148  of 
oxide  of  iron ;  that  is,  100  grains  of  the  oxide  indicate  about 
67-j^  of  metallic  iron. 

24  The  succinates^  however^  it  is  slated  by  Dr.  Marcet  and 
Mr.  Ekeberg,  precipitate  alumina,  provided  there  be  no  con^ 
siderable  excess  of  acid  in  the  uluminous  stilt.  On  magn^ia 
it  has  no  action,  and  hencti  may  be  successfully  employed  in 
the  separation  of  those  two  earths.  If  100  parts  of  octohedrol 
crystals  of  alum  be  entirely  decomposed  by  succinates  of  am-> 
monia,  they  give  precisely  12  parts  of  alumina  calcined  in  a 
dull  red  heat.  The  succinate  of  ammonia,  it  is  stated  by  Mf« 
Ekeberg,*  precipitates  glucina ;  and  the  same  test,  according 
to  Klaproth  (ii,  214),  throws  ddwn  slrconia  from  its  soltttions. 

To  separate  all  the  iron  and  alumina  from  any  water,  long 
boiling  is  necessary  with  free  access  of  air^  in  order  that  the 
iron  may  be  coinpletely  oxidised  \  fur  the  sucdnales  have  noi 
action  on  salts  with  base  of  the  protoxide  of  iron. 

'XNlll^^B^zoic  Acldf  dnd  Benssoaie  ofAmmohia. 

Benzoic  acid,  or,  still  better,  benxoate  of  ammonia,  preci- 
pitates iron  readily  and  entirely ;  and  being  much  cheaper, 
and  more  readily  cybtained,  than  succinate  of  ammonia,  m^tj 
be  substituted  for  the  latter  salt.  It  has,  also,  one  advantage^ 
that  it  does  not  decompose  the  salts  of  manganese.f 

:S1X.— Phosphate  of  Soda. 
A  method  of  completely  precipitating  magnesia  from  Its 

^  Journ.  des  Mines^  No.  Ixx. 

t  Thoinscm's  Anosl^,  Ix.  169  i  Pbi!.  M «g.  tt  %b9. 
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•olulkms  ba»  been  suggested  by  Dr.  WoUaston*  It  is  founded 
on  the  property  which  fully  neutralized  carbonate  of  ammonia 
possesses ;  first  to  cause  the  solution  of  the  carbonate  of  mag- 
nesia, formed  when  the^ammoniacal  carbonate  is  added  to  the 
solution  of  a  magnesian  salt,  and  afterwards  to  yield  that  eartli 
to  phosphoric  acid,  with  which  and  ammonia  it  forms  a  triple 
salt.  For  this  purpose,  a  solution  of  carbonate  of  ammonia, 
j;)repared  with  a  portion  of  that  salt  which  has  been  exposed, 
spread  on  a  paper,  for  a  few  hours  to  the  air,  is  to  be  added 
to  the  solution  of  the  magnesian  salt  sufficiently  concentrated ; 
or  to  a  water  suspected  to  contain  magnesia,  after  being  very 
much  reduced  by  evaporation.  No  precipitate  will  appear, 
till  a  solution  of  phosphate  of  soda  is  added,  when  an  abun- 
dant one  will  fall  down. 

A  neat  and  effectual  way  of  applying  this  test  is  practised 
by  its  inventor,  as  follows :  Spread  upon  a  piece  of  glass  the 
clear  solution  supposed  to  contain  magnesia,  then  add  a  few 
drops  of  the  solutions  of  carbonate  of  ammonia  and  phosphate 
of  soda  in  succession ;  and  trace  the  word  magnesia,  or  any 
other,  upon  the  glass  so  covered,  with  the  end  of  a  glass  rod. 
If  magnesia  be  present  the  word  which  is  traced  will  appear 
in  white  characters;  if  not,  no  such  appearance  will  result. 
(Quart.  Journ.  xiv.  229.) 

When  the  qiiantily  of  magnesia  is  to  be  ascertained,  let  the 
precipitate  be  washed,  collected  on  a  filter,  and  dried  in  a 
temperature  not  exceeding  100^  Fahrenheit.  One  hundred 
grains  of  it  will  indicate  19  of  pure  magnesia |  44  carbonate  ; 
about  66  of  muriate  of  magnesia ;  and  62  of  desiccated^  or 
double  that  quantity  of  orystalliiedi  sulphate  of  magnesia.  If, 
instead  of  drying  the  precipitate  at  a  gentle  heat,  which  leaves 
tin  uncertain  quantity  of  water  in  it,  we  calcine  it|  we  may 
then  reckon  the  calcined  phosphate  of  magnesia  to  indicate 
in  ev^y  hundred  grains,  40  grains  of  magnesia,  or  to  be  equi- 
valent to  250  grains  of  the  crystallized  sulphate  of  that  earth. 

Mr.  Richard  Phillips  has  suggested  (Ann«  of  Phil.  N.S<  i. 
808)  that  some  fallacy  in  the  use  of  this  test  may  be  occasioned 
by  the  carbonate  of  lime,  which  all  sesqtii^carbonate  of  ammo* 
mk  contains.    Hence  the  addition  of  phosphate  of  soda  may 
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throw  down  phosphate  of  lime  as  well  as  the  ammoniaoo-inag- 
nesian  phosphate. 

XX. — Muriate  of  Lime.^^Muriaie  of  Platinum. 

1.  Muriate  of  lime  is  principally  of  use  in  discovering  the 
presence  of  alkaline  carbonates,  which,  though  they  very 
rarely  occur,  have  sometimes  been  found  in  mineral  waters. 
Carbonate  of  potassa  exists  in  the  waters  of  Aix-la-Chapelle ; 
that  of  soda,  in  the  water  of  a  few  springs  and  lakes;  and  the 
ammoniacal  carbonate  was  detected  by  Mr.  Cavendish  in  the 
waters  of  Rathbone-place.  Of  all  the  three  carbonates, 
muriate  of  lime  is  a  sufficient  indicator  ;  for  those  salts  sepa- 
rate from  it  a  carbonate  of  lime,  soluble  with  efiervescence  in 
muriatic  acid.  If  the  solution  be  filtered  and  evaporated,  and 
the  dry  residuum  be  heated,  muriate  of  amnionia  will  be 
known  by  its  volatility.  The  resulting  salts  with  base  of  po« 
tassa  and  soda  will,  under  the  same  circumstances,  remain 
fixed. 

2.  With  respect  to  the  discrimination  of  the  different  alkalis, 
potassa  and  its  compounds  may  be  detected  by  the  nitro- 
muriate  of  platinum,  which  distinctly  and  immediately  preci- 
pitates potassa,  and  is  not  aflected  by  soda.  Carbonate  of  am- 
monia may  be  discovered  by  its  smell ;  and  by  its  precipi- 
tating a  neutral  salt  of  alumina,  while  it  has  no  action  appa- 
rently on  cold  solutions  of  magnesian  salts. 

XXL — Solution  of  Soap  in  Alcohol. 

This  solution  may  be  employed  to  ascertain  the  compara« 
tive  hardness  of  waters.  With  distilled  water  it  may  be 
mixed,  without  any  change  ensuing ;  but,  if  added  to  a  hard 
water,  it  produces  a  milkincss,  and  even  a  curdy  appearance, 
more  considerable  as  the  water  is  less  pure.  From  the  degree 
of  this  change,  an  experienced  eye  will  derive  a  tolerable  indi- 
cation of  the  quality  of  the  water.  Tliis  efiect  is  owing  to  the 
alkali  quitting  the  oil,  whenever  there  ispres^it  in  a  %rater  any 
substance,  for  which  the  alkali  has  a  stronger  affinity  than  it 
has  for  oiL    Thus  all  uncombined  acids,  and  all  salts  with 
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earthy  and  metallic  bases,  decompose  soap,  and  occasion  that 
property  in  waters  which  is  termed  hardness.  At  the  same 
time  an  insoluble  soap  is  formed  by  the  union  of  the  oil  with 
the  earthy  base. 

XXIL— Alcohol. 

Alcohol,  wlien  mixed  wirh  any  water,  in  the  proportion  of 
about  an  equal  bulk,  precipitates  all  the  salts  which  it  is  inca- 
pable of  dissolving.     (See  Kirwan  on  Waters,  page  263.) 

XXIII. — Hydro- Sulptiurel  of  Ammonia. 

This  and  other  hydro-sulphurets,  as  well  as  water  saturated 
with  sulphureted  hydrogen,  may  be  employed  in  detecting  lead 
and  arsenic  ;  with  the  former  of  which  they  give  a  black,  and 
with  the  latter  a  yellowish  precipitate.  As  lead  and  arsenic, 
however,  are  never  found  in  natural  waters,  I  shall  reserve, 
for  another  occasion,  what  I  have  to  say  of  the  application  of 
these  tests. 

TABLE, 

Showifig  the  Substances  that  may  be  expected  in  Mineral  IVaters^ 
and  the  Means  of  detecting  them.*' 

Acids  in  general.    Infusion  of  litmus.     Syrup  of  violets,  I. 

Acidf  boracic.     Acetate  of  lead,  XIII.  S. 

Acid^  carbonic.  Infusion  of  litmus,  I.  1,  2.  Lime-water, 
VIII.  1.     Barytic  water,  IX.  1.     Acetate  of  lead,  XIII.  4. 

Acidf  muriatic.  Nitrate  and  acetate  of  silver,  XII.  Nitrate 
of  mercury,  XIV. 

Acidj  nitric.     Sulphuric  acid,  IV.  4. 

Acidf  phosphoric.  Solutions  of  baryta,  XV.  2.  Nitrate  of 
mercury,  XIV.  3. 

Acid,  sulphurous.  By  its  smell, — and  destroying  the  colour 
of  litmus,  and  of  infusion  of  red  roses; — by  the  cessation  of 

*  A  Table  of  substances  actually  found  in  the  principal  mineral  waters 
will  be  inserted  in  the  Appendix. 

VOL.   II.  2   L 
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the  smell  a  few  hours  after  the  addition  of  the  black  oxide  of 
manganese. 

Acidf  sulphuric.  Solution  of  pure  baryta,  IX.  Barytio 
salts,  XV.     Acetate  of  lead,  Xll. 

Alkalis  in  general.  Vegetable  colours,  II.  Muriate  of 
lime,  XX. 

Alumina  dissolved  by  acids.     Succinates,  XVII. 

Ammonia^  by  its  smell,  and  tests,  11.  Nitrate  of  mercury, 
XIV.  2. 

Baryta  and  its  compounds^  by  sulphuric  acid,  IV. 

Carbonates  in  general.  Effervesce  on  adding  acids,  without 
any  unpleasant  smell. 

Eartlis  dissolved  by  carbonic  acid.  By  a  precipitation  on 
boiling; — by  pure  alkalis,  VII.     Solution  of  soap,  XXI. 

Hydro-sulphuret  of  lime.  Sulphuric  acid,  IV.  Nitrous 
acid,  V. 

Iron  dissolved  by  carbonic  add.  Tincture  of  galls.  III.  1. 
Prussiatc  of  potassa,  XVI.  1.  Succinate  of  ammonia,  XVII. 
Benzoate  of  ammonia,  XVIII. 

Iron  dissolved  by  sulphuric  acid.  Same  tests.  III.  3.  XVL  2. 
XVII. 

Lime  in  a  pure  state.  Water  saturated  with  carbonic  acid. 
Blowing  air  from  the  lungs.     Oxalic  acid,  VI. 

Lime  dissolved  by  carbonic  acid.  Precipitation  on  boiling. 
Caustic  alkalis,  VII.     Oxalic  acid,  VL 

Lime  dissolved  by  sulphuric  acid.  Oxalate  of  ammonia,  VL 
Barytic  solutions,  IX.  and  XV. 

Magnesia  dissolved  by  carbonic  acid.  Precipitation  on  boil- 
ing,— ^the  precipitate  soluble  in  dilute  sulphuric  acid. 

Magnesia  dissolved  by  other  adds.  Precipitated  by  pure 
ammonia,  not  by  the  carbonate,  VII.  5.  Phosphate  of  soda, 
XIX.     Lime  water,  VIII.  S. 

Muriates  of  alkalis.     Solutions  of  silver,  XII. 

of  lime.     Solutions  of  silver,  XII.     Oxalic  acid 

and  oxalate  of  ammonia,  VI. 

Nitrate  of  potassa^  and  other  nitrates.     Gold  leaf,  X.  2. 

Oxygen  gas.    Sulphate  of  iron,  XL 

Potassa^  and  its  ^alts.    Muriate  of  platiuumi  XX*  2. 
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Silica^  A  precipitate  by  muriate  of  ammonia  not  soluble  in 
dilute  nitric  acid, 

Soda^  carbonate  of.    Muriate  of  lime,  XX.  1. 

Sulphates  in  general.  Barytic  solutions,  IX.  and  XV. 
Acetate  of  lead,  XIII. 

Sulphate  of  alumina,  Barytic  solutions,  IX.  and  XV. 
A  precipitate  by  carbonate  of  ammonia  not  soluble  in  acetous 
acid,  but  soluble  in  pure  fixed  alkalis  by  boiling.  Succinates* 
XVII.  2. 

Sulphate  of  lime*  Barytic  solutions,  IX-  and  XV.  Oxalic 
acid  and  oxalates,  VI.  A  precipitate  by  alkalis  not  soluble  in 
dilute  sulphuric  acid. 

Sulphate  of  magnesia.  Barytic  solutions,  IX*  and  XV. 
Phosphate  of  soda  and  carbonate  of  ammonia,  XIX* 

Sulphate  ofpoiassa.  Barytiq  solutions,  IX.  and  XV.  Mu- 
riate of  platinum,  XX.  9f 

Sulphate  of  soda,  Barytic  salts,  IX.and  XV.  Muriate  of 
platinum,  XX. 

Sulphurets  of  alkalis^  Polished  metals,  X.  Smell  on  adding 
sulphuric  or  muriatic  acid.     Nitrous  acid,  V. 

Sulphur eted  hydrogen  gas.  By  its  smell.  Infusion  of  litmus, 
I.    Polished  metals,  X.    Acetate  of  leadf  XIII.  S«* 

Vegetable  matter.    Sulphuric  acid,  IV. 

AuT.  2. — Analysis  of  Waters  by  Evaporation. 

Before  proceeding  to  the  evaporation  of  any  natural  water, 
its  gaseous  contents  must  be  collected.  This  may  be  done  by 
filling  with  the  water  a  large  glass  globe  or  bottle,  capable  of 
holding  about  50  cubical  inches,  and  furnished  with  a  ground 
stopper  and  bent  tube.  The  bottle  is  to  be  placed,  up  to  its 
neck,  in  a  tin  kettle  filled  with  a  saturated  solution  of  common 
salt,  which  must  be  kept  boiling  for  an  hour  or  two,  renewing, 
by  fresh  portions  of  hot  water,  what  is  lost  by  evaporation. 
The  disengaged  gas  is  to  be  conveyed,  by  the  bent  tube^ 

*  The  vapoor  of  putrefying  animal  or  vegetable  matter  dissolved  in  water, 
according  to  Klaprotb,  vol.  i.  p.  590,  often  gives  a  deceptive  indication  of 
sulphareted  hydrogen. 

?!-  ? 
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into  a  graduated  jar,  filled  with,  and  inverted  in,  mercury, 
where  its  bulk  is  to  be  determined.  On  the  firet  impression 
of  the  heat,  however,  the  water  will  itself  be  expanded,  and 
portions  will  continue  to  escape  into  the  graduated  jar,  till 
the  water  has  attained  its  maximum  of  temperature.  This 
portion  must  be  measured,  and  its  quantity  be  deducted  from 
that  of  the  water  submitted  to  experiment.  If  a  considerable 
proportion  of  gas  be  contained  in  a  mineral  water,  the  best 
way  of  receiving  it  is  into  a  small  gazometer. 

In  determining,  with  precision,  the  quantity  of  gas,  it  is  ne- 
cessary to  attend  to  the  state  of  the  barometer  and  thermometer, 
and  to  other  circumstances  already  enumerated,  vol.  i.  page 
22.  Rules  also  for  reducing  observations  made  under  dif- 
ferent states  of  the  barometer  and  thermometer,  to  a  mean 
standard,  will  be  found  in  vol.  i.  p.  23. 

The  gases,  most  commonly  discovered  in  mineral  waters, 
are  carbonic  acid;  stdphtvreted  hydrogen  ;  nitrogen  gas  ;  oxygen 
gas  ;  and,  in  the  neighbourhood  of  volcanoes  only,  sulphurous 
acid  gas.  To  determine  the  proportion  of  these  and  other 
gases,  constituting  a  mixture  obtained  from  any  mineral  water, 
full  directions  have  already  been  given  in  the  first  section  of 
tliis  chapter,  (page  467  and  following.) 

The  vessels  employed  for  evaporation  should  be  of  such 
materials,  as  are  not  likely  to  be  acted  on  by  the  contents  of 
the  water.  I  prefer  those  of  unglazed  biscuit  ware,,  made  by 
Messrs.  Wedgwood;  but,  as  their  surface  is  not  perfectly 
smooth,  and  the  dry  mass  may  adhere  so  strongly  as  not  to  be 
easily  scraped  off,  the  water,  when  reduced  to  about  one  tenth 
of  its  volume,  or  less,  may  be  transferred,  with  any  deposit  that 
may  have  taken  place,  into  a  smaller  vessel  of  glass.  Here 
let  it  be  evaporated  to  dryness,  at  a  temperature  not  exceeding 
SOO*'  FahrenheiU 

(a)  The  dry  mass,  when  collected  and  accurately  weighed, 
is  to  be  put  into  a  bottle,  and  alcohol  poured  on  it,  to  the  depth 
of  an  inch.  Afler  having  stood  a  few  hours,  and  been  occa- 
sionally shaken,  pour  the  whole  on  a  filter,  wash  it  with  a 
little  more  alcohol,  and  dry  and  weigh  the  remainder. 

(b)  To  the  undissolved  residue,  add  eight  times  its  weight 
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of  cold  distilled  water;  shake  the  mixture  frequently;  and, 
after  some  time,  filter;  ascertaining  the  loss  of  weight. 

(c)  Boil  the  residuum,  for  a  quarter  of  an  hour,  in  some- 
what more  than  500  times  its  weight  of  water,  and  afterwards 
filter. 

(d)  The  residue,  which  must  be  dried  and  weighed,  is  no 
longer  soluble  in  water  or  alcohol.  If  it  has  a  brown  colour, 
denoting  the  presence  of  iron,  let  it  be  moistened  with  water, 
and  ex[>osed  to  the  sun's  rays  for  some  weeks.  Or  if  so  long 
a  process  be  inconvenient,  moisten  it  with  nitric  acid,  and  then 
dry  and  ignite  it.     This  will  peroxidize  the  iron. 

I.  The  solution  in  alcohol  (a)  may  contain  one  or  all  of  the 
following  salts:  Muriates  of  lime,  magnesia,  alumina,  or  ba- 
ryta; or  nitrates  of  the  same  earths.  Sometimes,  also,  the 
alcohol  may  take  up  a  sulphate  of  iron,  in  which  the 
metal  is  oxidized  to  the  maximum.  This  will  appear  from  its 
reddish  brown  colour. 

1.  In  order  to  discover  the  quality  and  quantity  of  the  in- 
gredients, evaporate  to  dryness;  weigh  the  residuum;  add 
above  half  its  weight  of  strong  sulphuric  acid ;  and  apply  a 
moderate  heat.  The  muriatic  or  nitric  acid  will  be  expelled, 
and  will  be  known  by  the  colour  of  their  fumes ;  the  former 
being  white,  and  the  latter  orange  coloured. 

2.  To  ascertain  whether  lime  or  magnesia  be  the  basis  of 
the  salts,  let  the  heat  be  continued  till  no  more  fumes  arise, 
and  let  it  then  be  raised,  to  expel  the  excess  of  sulphuric  acid. 
To  the  dry  mass,  add  twice  its  weight  of  distilled  water. 
Tliis  will  take  up  the  sulphate  of  magnesia,  and  leave  the 
sulphate  of  lime.  The  two  sulphates  maybe  separately  de- 
composed, by  boiling  with  three  or  four  times  their  weight  of 
carbonate  of  potassa.  The  carbonates  of  lime  and  magnesia, 
thus  obtained,  may  be  separately  dissolved  in  muriatic  acid, 
aud  evaporated.  The  weight  of  the  dry  salts  will  inform  us 
how  much  of  each  the  alcohol  had  taken  up.  Lime  and  mag- 
nesia may  also  be  separated  by  the  use  of  the  phosphate  of 
soda,  applied  in  the  manner  already  described,  (No.  XIX.) 
Alumina  and  magnesia  may  be  separated  from  each  other,  by 
adding  to  their  mixed  and  heated  solutions  an  excess  of  po- 
tassa which  will  dissolve  the  alumina  onlv. 
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The  presence  of  baryta,  which  is  very  rarely  to  be  expected, 
may  be  known  by  a  precipitation  ensuing  on  adding  sulphuric 
acid  to  a  portion  of  the  alcoholic  solution,  which  has  been 
diluted  with  80  or  100  times  its  bulk  of  pure  water. 

Some  of  the  salts  obtained  by  the  action  of  alcohol,  it  is 
supposed  by  Orotthus,  are  actually  formed  by  its  operation. 
Sulphate  of  soda  and  muriate  of  magnesia,  for  example,  when 
found  in  an  alcoholic  solution,  result,  he  believes,  from  the 
mutual  decomposition  of  sulphate  of  magnesia  and  muriate  of 
soda.* 

II.  The  watery  solution  (l)  may  contain  a  variety  of  salts, 
the  accurate  separation  of  which  from  each  other  is  a  problem 
of  considerable  difficulty.  The  number,  however,  of  salts, 
that  are  capable  of  existing  together  in  solution,  is  much 
limited  by  the  mutual  action  of  several  in  decomposing  each 
other.  Such  salts  are  said  to  be  incompatible.  A  table  of 
them  is  inserted  in  the  Appendix,  which  it  is  proper  that  the 
reader  should  consult,  before  attempting  to  analyze  any  mixed 
saline  solution. 

1.  The  analysis  of  a  saline  solution  may  be  attempted  by 
crystallization.  For  this  purpose,  let  one  half  be  evaporated 
by  a  very  gentle  heat,  not  exceeding  80°  or  90®.  Should  any 
crystals  appear  on  the  surface  of  the  solution,  while  hot,  in 
the  form  of  a  pellicle,  let  them  be  separated  and  dried  on 
bibulous  paper.  These  are  chloride  of  sodium  or  common 
salt.  The  remaining  solution,  on  cooling  very  gradually,  will, 
perhaps,  afford  crystals  sufficiently  distinguishable  by  their 
form  and  other  qualities.  When  various  salts,  however,  are 
contained  in  the  same  solution,  it  is  extremely  difficult  to  ob- 
tain them  distinct  enough  in  their  forms  to  ascertain  their 
kind. 

d.  The  nature  of  the  saline  contents  must,  therefore,  be 
examined  by  tests,  or  re-agents. 

The  presence  of  an  uncombined  alkali  will  be  discovered 
by  the  stained  papers  (II),  and  of  acids  by  the  tests  (I).  The 
vegetable  alkali,  or  potassa,  may  be  distinguished  from  the 
mineral,  or  soda,  by  saturation  with  sulphuric  acid,  and  eva- 

*  Ann.  de  Cbim.  et  Pbys.  iv.  906. 
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poration  to  dryness ;  the  sulphate  of  soda  being  much  more 
soluble  than  that  of  potassa ;  or,  by  supersatu ration  with 
tartaric  acid,  which  gives  a  soluble  salt  with  soda,  but  not 
with  potassa*  Muriate  of  platinum,  also,  is  an  excellent  test 
of  potassa  and  its  combinations;  for,  with  the  smallest  portion 
of  this  alkali,  or  any  of  lU  salts,  it  forms  a  distinct  and  imme^ 
diate  precipitate ;  while  it  is  not  at  all  affiscted  by  soda  or  its 
compounds. 

If  neutral  salts  be  present  in  the  solution,  we  have  to  ascer- 
tain both  the  nature  of  the  acid  and  of  the  basis.  This  may 
be  done  by  attention  to  the  rules  already  given  for  the  appli- 
cation of  tests,  which  it  is  unnecessary  to  repeat  in  this  place. 
(See  the  Table,  page  513.) 

III.  The  solution  by  boiling  water  contains  scarcely  any 
thing  beside  sulphate  of  lime. 

IV.  The  residuum  {d)  is  to  be  digested  in  distilled  vinegar, 
which  takes  up  magnesia  and  lime,  but  leaves,  undissolved, 
alumina,  silica,  and  peroxide  of  iron.  Evaporate  the  solution 
to  dryness*  If  it  contain  acetate  of  lime  only,  a  substance  will 
be  obtained  which  does  not  attract  moisture  from  the  air ;  if 
magnesia  be  present,  the  mass  will  deliquiate.  To  separate 
the  lime  from  the  magnesia,  proceed  as  in  I. 

-  The  residue^  insoluble  in  acetous  acid,  may  contain  alumina^ 
iron,  and  silica.  The  two  first  may  be  dissolved  by  muriatic 
acid,  from  which  the  iron  may  be  first  precipitated  by  prussiate 
of  potassa,  and  the  alumina  afterwards  by  ammonia. 

Dr.  Murray*  s  Formula  for  ilie  Analysis  of  Mineral  Waters. 

Some  ingenious  views  respecting  the  analysis  of  mineral 
waters  have  been  taken  by  the  late  Dr.  Murray  of  Edinburgh.* 
In  proceeding  by  the  method  of  evaporation,  the  salts  ob- 
tained are  frequently,  he  conceived,  the  products  of  the  ope- 
ration, and  not  the  original  ingredients  of  the  wat^r.  For 
example,  though  we  may  obtain  from  a  mineral  water,  sul- 

*  Edlnb.  Transact*  viii.  ^bO,  or  Thomson's  Annals.  I  retain  his  expres- 
sion^ muriate  of  soda,  because  the  explanation  is  correctly  applicable  to  that' 
salt  when  in  a  state  of  solution,  as  it  b  in  mineral  waters. 
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phate  of  lime  and  muriate  of  soda,  yet  it  is  probable,  he 
thinks,  that  the  water,  in  its  natural  state,  held  in  solution 
both  sulphate  of  soda  and  muriate  of  lime,  which,  thougli 
incompatible  salts,  if  presented  to  each  other  in  dense  solu- 
tion, may  yet  exist,  without  mutual  decomposition,  when  di£> 
fused  through  a  large  quantity  of  fluid.  He  argues,  there- 
fore, that  we  attain  a  much  nearer  approximation  to  the  true 
composition  of  a  mineral  water,  by  disregarding  the  salts  re- 
sulting from  its  eviqxiration ;  and,  instead  of  this,  determining 
with  extreme  precision  the  elements,  or  acids  and  bases,  of 
which  those  salts  are  composed.  The  peculiar  mode  of  com- 
bination, in  which  they  exist  in  the  water  submitted  to  ana- 
lysis, can  only,  he  thinks,  be  inferred,  by  considering  the  most 
probable  views  of  their  binary  composition. 

Having  gained  a  general  idea  of  the  nature  of  any  mineral 
water,  by  the  agency  of  the  tests  already  described.  Dr. 
Murray  recommends  that  we  proceed  to  its  minute  analysis  in 
the  following  manner. 

1.  Reduce  the  water,  by  evaporation,  as  far  as  can  be  done 
without  occasioning  any  sensible  precipitation  or  crystalli- 
zation. 

2.  Add  muriate  of  baryta,  as  long  as  it  occasions  a  preci* 
pitate,  and  no  longer.  By  an  experiment  on  a  separate  quan- 
tity, examine  whether  the  precipitate  effervesces  with  dilute 
muriatic  acid,  and  whether  it  is  entirely  dissolved  by  that 
acid  or  not.  If  entirely  soluble,  dry  and  weigh  it,  and  allow 
82  grains  of  carbonic  acid  for  every  100  grains.  If  it  do  not 
effervesce,  or  dissolve,  we  may  consider  it  as  sulphate  of  ba- 
ryta, and  reckon  that  it  contains,  in  a  dry  state,  S4  grains  of 
sulphuric  acid  in  every  100.  If  it  he  partly  soluble  with  effer- 
vescence, and  partly  insoluble,  it  consists  both  of  carbonate 
and  sulphate  of  baryta,  the  former  of  which  may  readily  be 
separated  from  the  latter  by  diluted  muriatic  acid ;  and  the 
precipitate  being  weighed  in  a  dry  state,  both  before  and  after 
the  action  of  the  acid,  we  learn  the  quantity  of  each ;  what 
remains  being  the  sulphate  only. 

By  evaporation,  the  carbonic  acid  is  expelled,  and  the  sulphuric 
acid  is  separated  by  the  barytic  salt.    The  next  object  is  to 
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discover  the  kind  and  quantity  of  the  bases  present;  apd  then 
to  find  the  quantity  of  muriatic  acid^  originally  contained  in 
the  water. 

S.  To  the  clear  liquor  add  a  saturated  solution  of  oxalate 
of  ammonia,  as  long  as  any  turbid  appearance  is  produced. 
Collect  the  precipitate,  which  consists  of  oxalate  of  lime;  dry 
it ;  and,  by  calcining  it  at  a  low  red  heat,  convert  it  into  a 
carbonate,  which  may  be  changed  into  sulphate  by  a  slight  ex* 
cess  of  sulphuric  acid*  The  sulphate  of  lime,  after  ignition, 
contains  41.5  of  lime  in  100.  Or  calculate  the  quantity  c£ 
lime,  by  the  rule  already  given,  p.  498,  from  the  weight  of  the 
oxalate. 

'  4.  The  next  step  is  to  separate  the  magnesia^  which  may  be 
done  as  follows  :  let  the  clear  liquid,  remaining  after  the  pre* 
cipitation  of  the  oxalate  of  lime,  be  heat^  to  100^  Fahrenheit, 
and,  if  necessary,  reduced  a  little  by  evaporation ;  and  then 
add  to  it,  first  a  solution  of  carbonate  of  ammonia,  and  after- 
wards of  phosphate  of  ammonia,  as  long  as  any  precipitation 
ensues.  Wash  the  precipitate,  dry  and  calcine  it  at  a  red 
heat  for  an  hour,  after  which  100  grains  may  be  estimated  to 
contain  40  of  magnesia. 

5.  To  estimate  the  soda^  evaporate  the  liquor,  remaining 
after  the  preceding  operations,  to  dryness,  and  expose  the  dry 
mass  to  heat  as  long  as  any  vapours  exhale,  raising  it,  in  the. 
end,  to  redness.  The  residual  matter  is  muriate  of  soda,  100 
grains  of  which  are  equivalent  to  53.3  soda,  and  46.7  of  mu- 
riatic acid. 

6.  It  is  possible  tliat  the  muriatic  acid,  deduced  from  the 
residuary  common  sail,  may  exceed  the  true  quantitjs  and 
that  a  part  may  have  been  introduced  by  the  muriate  of  ba* 
ryta.  Or,  on  the  other  hand,  if  muriate  of  lime  or  magnesia 
were  present  in  the  water,  the  ammonia,  by  which  tliose 
earths  were  separated,  would  form,  with  the  muriatic  acid 
quitted  by  them,  a  salt,  which  will  have  been  dissipated  by 
heat;  and  consequently  the  muriatic  acid  will  have  been 
stated  too  low.  To  decide  this,  the  simple  rule  is,  to  sup« 
pose  the  elements,  obtained  by  the  analysis,  combined  in 
binary  compounds  according  to  the  known  proportions  in 
which  they  unite.  The  excess  or  deficiency  of  muriatic  acid 
will  then  appear;  and  the  amount  of  the  excess,  being  sub- 
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traded  ftotn  the  qtmntity  of  muriatic  acid  existing  in  tbe  ma- 
riate  of  soda  obtained ;  or  the  amount  of  the  deficit,  being 
added  to  that  quantity,  the  real  quantity  of  muriatic  acid  will 
be  apparent--«As  a  check  on  tliis  operation,  it  may  be  proper 
to  estimate  directly  the  quantity  of  muriatic  acid  in  a  ^ren 
portion  of  the  water,  by  first  abstracting  any  sulphuric  or 
carbonic  acid  by  nitrate  of  baryta,  and  then  precipitating  the 
muriatic  acid  by  nitrate  of  silver.  The  real  quantity  of  mu^ 
riatic  acid  will  thus  be  found ;  and  the  result  will  form  a  check 
on  the  other  steps  of  the  analyiiis ;  for  the  other  ingredients 
must  bear  that  proportion  to  the  muriatic  acid  which  will  cor- 
respond with  the  state  of  neutralization. 

Having  thus  discovered  the  difierent  adds  and  bases,  and 
determined  their  quontities,  it  remains  to  determine  the  state 
of  combination  in  which  they  exist  They  may  either  be  con« 
sidered  as  forming  simultaneous  combinations,  or  as  existing 
in  the  state  of  binary  compounds.  In  the  latter  case,  it  is 
probable  that  the  acids  and  bases  are  so  united,  as  to  form  the 
most  soluble  compounds,*  and  in  this  way  we  may  state  them. 
It  may  also  be  proper  to  give  the  quantity  of  binary  com- 
pounds obtained  by  evaporation,  or  by  any  other  direct  ana* 
lytic  process.  For  example,  the  elements  of  the  salts  in  a 
pint  of  sea-water,  as  determined  by  Dr.  Murray's  analysis,* 
are, 

Lime 2J9  grains 

Amnesia  ••••••  14.6 

Soda 96.3 

Sulphuric  acid   • .  14.4 

Muriatic  acid  •  • .  97<7 

226.1 
The  compound  salts,  as  obtained  by  evaporation,  are. 

Muriate  of  soda  • .  •  •  180..?  grains 

■  magnesiai  23. 

Sulphate  of  magnesia  1 5*5 

— — —  lime*...  7.1 

226.1 

*- — — — — ■ — -— -     f  ,       -  --        -  —  --  ^^ — -> 

*  fidio.  Phil.  Trans. 
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But  the  salts  existing  in  a  pint  of  sea-water,  in  iti»  natural 
state,  before  subjecting  it  to  evaporation^  may  be  calculated  to 
be 

Muriate  of  soda  •  •  •  •  180.5  grains 
——7—-  magnesia      18.3 
*  ■  ■  lime  •  •  •  •      5.7 
Sulphate  of  magnesia     !21 .6 

226.1 


SECTION  III. 

Examinalioji  of  Minerals, — General  Directions. 

The  chemical  analysis  of  minerals  is  attended  even  with 
greater  difficulties  than  that  of  natural  waters ;  and  it  would 
require  not  only  a  separate  work,  but  one  of  considerable  ex« 
tent,  to  comprehend  rules  for  determining  the  proportions  of 
all  possible  combinations.  On  the  present  occasion,  I  mean 
only  to  offer  a  few  general  directions  for  attaining  such  a 
knowledge  of  the  composition  of  mineral  bodies,  as  may  ena-^ 
ble  the  chemical  student  to  refer  them  to  their  proper  place  in 
a  mineral  arrangement,  and  to  judge  whether  or  not  they  may 
admit  of  application  to  the  uses  of  common  life.  Those  who 
are  solicitous  to  become  adepts  in  the  art  of  mineral  analysis, 
should  study  attentively  the  numerous  papers  of  Vauquelin, 
Hatchett,  and  other  skilful  analysts,  dispersed  through  ya« 
rious  chemical  collections ;  and  also  an  admirable  work  of 
M.  Klaproth,  entitled,  "  Analytical  Essays  towards  improv- 
ing the  Chemical  Knowledge  of  Minerals,''  2  vols.  Svo.  pub- 
lished in  London  in  1801. 

The  great  variety  of  mineral  bodies,  which  nature  presents 
in  the  composition  of  this  globe,  have  been  classed  by  late 
writers  under  a  few  general  divisions.  They  may  be  con- 
veniently arronged  under  four  heads:  1st,  Earths;  td,  Salts; 
Sd,  Inflammable  Fossils;  and  4th,  Metals^  and  their 
Ores. 
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L  Earths.  The  .term  earthy  we  may  use  with  Mr.  Kirwan, 
to  denote  a  tasteless,  inodorous,  dry,  brittle,  uninflammable  sub- 
stance, whose  specific  gravity  does  not  exceed  4.9  (i.  e.  which 
is  never  five  times  heavier  than  water),  and  which  gives  no 
tinge  to  borax  in  fusion.  Some  exceptions  to  this  definition 
are  afforded  by  the  strong  taste  of  certain  earths,  and  the 
solubility  of  others;  but  since  a  line  must  be  drawn  between 
salts  and  earths,  it  may  begin  where  solution  is  scarcely  per* 
ceptible;  salts  terminating,  and  earths,  in  strictness,  com- 
mencing, where  the  weight  of  the  water,  requisite  for  the  so- 
lution, exceeds  that  of  the  solvent  1000  times.  Not  to  depart, 
however,  too  widely  from  the  commonly  received  import  of 
words  that  are  in  constant  use,  substances  that  require  100 
times  their  weight  of  water  to  dissolve  them,  and  have  the 
other  sensible  properties  of  earths,  may  be  so  styled  in  a  loose 
and  popular  sense. 

The  simple^  or  primilive  eariksj  are  those  which  can  only 
be  resolved  into  oxygen  and  a  metallic  basis.  Such  are  lime^ 
magnesia,  alumina,  silica,  &c. 

The  compound  ear  if  is  are  composed  of  two  or  more  primi- 
tive earths,  united  chemically  together.  Sometimes  the  union 
of  an  earth  with  an  acid  constitutes  what  in  common  language 
is  called  an  earth;  as  in  the  examples  of  sulphate  of  baryta, 
fluatc  of  lime,  &c. 

II.  Salts.  Under  this  head  may  be  arranged  all  those  sub- 
stances that  require  less  than  100  times  their  weight  of  water 
to  dissolve  them.  This  description,  though  by  no  means  so 
amply  characteristic  of  the  class  of  salts  as  to  serve  for  an 
exact  definition,  is  sufficient  for  our  present  purpose. 

III.  By  inflammable  fossils,  the  same  author  observes, 
are  to  be  understood  all  those  of  mineral  origin,  whose  prin- 
cipal character  is  inflammability ;  a  criterion  which  excludes 
the  diamond  and  metallic  substances,  though  also  susceptible 
of  combustion.. 

IV.  Metallic  substances  are  sufliciently  characterized 
by  the  external  properties  enumerated  in  Chapter  IX.  Those 
on  which  nature  has  bestowed  their  proper  metallic  appear- 
ance, or  which  are  alloyed  only  with  other  metals  or  semi- 
metals,  are  called  native  metals.     But  those  that  are  distin- 
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guished,  as  they  commonly  are  in  mines,  by  combination  with 
some  other  unmetallic  substances,  are  said  to  be  mineralized^ 
The  substance  that  sets  them  in  that  state  is  called  a  minera- 
lizer;  and  the  compound  of  both,  an  ore.  Thus,  in  the  most 
common  ore  of  copper,  this  metal  is  found  combined  with 
sulphur.  The  copper  may  be  said  to  be  mineralized  by  oxy- 
gen and  sulphur,  and  the  compound  of  the  two  bodies  is 
called  an  ore  of  copper. 

Art.  I. — Method  of  examining  a  Mineral^  the  Composition  of 
which  is  tmknown, 

A  MINERAL  substance,  presented  to  our  examination  with- 
out any  previous  knowledge  of  its  composition,  should  first  be 
referred  to  one  of  the  above  four  classes,  in  order  that  we  may 
attain  a  general  knowledge  of  its  nature,  before  proceeding  to 
analyze  it  minutely. 

I.  To  ascertain  whether  the  unknown  mineral  contain  saline 
matter,  let  100  grains,  or  any  other  determinate  quantity,  in 
the  state  of  fine  powder,  be  put  into  a  bottle,  and  shaken  up 
repeatedly  with  SO  times  its  weight  of  water,  of  the  tempera- 
ture of  120°  or  130°.  After  having  stood  an  hour  or  two, 
pour  the  contents  of  the  bottle  on  a  filtering  paper,  previously 
weighed  and  placed  on  a  funnel.  When  the  water  has  drained 
off,  dry  the  powder  on  a  filtering  paper,  in  a  heat  of  about 
21 2° :  and,  when  dry,  let  the  whole  be  accurately  weighed. 
If  the  weight  be  considerably  less  than  the  joint  weight  of  the 
powder  before  digestion  and  the  filtering  paper,  we  may  infer 
that  some  salt  has  been  dissolved,  and  the  decrease  of  weight 
will  indicate  its  quantity. 

In  certain  cases  it  may  be  advisable  to  use  repeated  por- 
tions of  boiling  water,  when  the  salt  suspected  to  be  present  is 
difficult  of  solution. 

Should  the  mineral  under  examination  be  proved,  by  the 
foregoing  experiment,  to  contain  much  saline  matter,  the  kind 
and  proportion  must  next  be  determined,  by  rules  which  will 
hereafter  be  laid  down. 

II.  The  second  class,  viz.  earthy  bodies,  are  distinguished 
by  their  insolubility  in  water,  by  their  freedom  from  taste,  by 
their  uninflmnmability,  and  by  their  specific   gravity  never 
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reaching  5.  If,  therefore,  a  mineral  be  insoluble  in  water, 
when  tried  in  the  foregoing  manner ;  and  if  it  be  not  con« 
sumed,  either  wholly  or  in  considerable  part,  by  keeping  if, 
for  some  time,  on  a  red-hot  iron ;  we  may  conclude  that  it  U 
neither  a  salt  nor  an  inflammable  body, 

III.  The  only  remaining  class  with  which  it  can  be  con« 
founded  is  ores  of  metals,  from  many  of  which  it  may  be 
distinguished  merely  by  poising  it  in  the  hand,  the  ore«  of 
metals  being  always  heavier  than  earths ;  or,  if  a  doubt  should 
•till  remain*  it  may  be  weighed  hydrostatically.  The  mode  of 
doing  this  it  may  be  proper  to  describe ;  but  the  principle  on 
which  the  practice  is  founded,  cannot  with  propriety  be  ex- 
plained here.  Let  the  mineral  be  suspended  by  a  piece  of 
fine  hair,  silk,  or  thread,  from  the  scale  of  a  balance,  and 
weighed  in  the  air.  Supppse  it  to  weigh  250  grains.  Let  it 
next  (still  suspended  to  the  balance)  be  immersed  in  a  glass 
of  distilled  water,  of  the  temperature  of  60°  Faht.  The  scale 
containing  the  weight  will  now  preponderate.  Add,  thereforci 
to  the  scale  from  which  the  mineral  hangs,  as  many  grain* 
weights  as  are  necessary  to  restore  the  equilibrium.  Suppose 
that  50  grains  are  necessary,  then  the  specific  gravity  may  be 
learned  by  dividing  die  weight  in  air  by  the  weight  lost  in 
water.  Thus,  in  the  foregoing  case,  250  -^  50s;5;  or,  a  aub'^ 
stance  which  should  lose  weight  in  water,  according  to  the 
above  proportion,  would  be  five  times  heavier  than  water.  It 
must,  therefore,  contain  some  metal,  though  probably  in  no 
great  quantity.  Any  mineral,  which,  when  weighed  in  the 
above  manner,  proves  to  be  5>  6,  7,  or  more  times  heavier 
than  water,  may,  therefore,  be  inferred  to  contaia  a  metalt 
and  may  be  referred  to  the  class  of  ores. 

IV.  Inflammable  substances  are  distinguished  by  their 
burning  away,  either  entirely  or  in  considerable  part,  on  a 
red-hot  iron  ;  and  by  their  detonating,  when  mbced  with  pow- 
dered nitre,  and  thrown  into  a  red-hot  crucible.  Certain  orei 
of  metals,  however,  which  contain  a  considerable  proportioa 
of  inflammable  matter,  answer  to  this  test^  but  may  be  distin^ 
guifihed  from  purely  inflammable  substances  by  their  greater 
specific  gravity. 

I  shall  now  proceed  to  ofier  a  few  general  vw\m  for  the 
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more  accurate  escamination  of  substances  of  each  of  the  above 

classes. 

Art.  Ih-^Examinaiion  of  Salts, 

1 .  A  solution  of  saline  matter^  obtained  in  the  foregoing 
manner  (see  page  535)»  may  be  slowly  evaporated^  and  left  to 
cool  gradually.  When  cold>  crystals  will  probably  appeart 
which  a  chemist,  acquainted  with  the  forms  of  salts,  will  easily 
recognise.  But,  as  several  different  salts  may  be  present  in 
the  same  solution,  and  may  not  crystalli^  in  a  sufficiently  dis- 
tinct shape,  it  may  be  necessary  to  have  recourse  to  the  evt* 
dence  of  tests. 

S.  Lei  the  salt,  in  the  first  place,  be  referred  to  one  of  the 
Allowing  ordera* 

(a)  ^vids^  or  salts  mlh  excess  of  add.  These  are  known  by 
their  effect  on  blue  vegetable  colours.  The  particular  species 
of  acid  may  be  discovered  by  the  tests  enumerated,  p.  513* 

(b)  Alkalis,  These  are  characterized  by  their  effect  on 
vegetable  colours»  and  by  the  other  properties  enumerated, 
vol.  i.  p.  494. 

.  (c)  Salis  with  metallic  bases.  Metallic  salts  afford  a  very 
copious  and  generally  a  coloured  precipitate,  when  mixed  with 
a  solution  of  ferro-cyanate  of  potassa.  (See  table,  vol.  ].p.5SS.) 
To  ascertain  the  species  of  metal,  precipitate  the  whole  by  the 
ierro*cyanate»  calcine  the  precipitate,  and  proceed  according 
to  the  rules  which  will  hereafter  be  given  for  separating  metals 
from  each  other. 

(d)  Salts  with  earthy  bases.  If  a  solution  of  salt,  in  which 
ferrO'Cyanate  of  potassa  occasions  no  precipitation,  afibrd  a 
precipitate,  immediately  on  adding  pure  or  carbonated  potassa, 
we  may  infer,  that  a  compound  of  an  acid,  with  some  one  of  the 
earttis,  is  present  in  the  solution.  Or  if,  after  ferro-cyanate 
ef  potassa  has  ceased  to  throw  down  a  sediment,  the  above- 
mentioned  alkali  precipitates  a  farther  portion,  we  may  infer 
that  both  earthy  and  metallic  salts  are  contained  in  the  solu- 
tion. In  the  first  case«  add  the  alkaline  solution,  and,  when 
It  has  ceased  to  produce  any  effect,  let  the  sediment  subside, 
decant  the  supernatant  liquor,  and  wash  and  dry  the  precipi^ 
late.  The  eai*ths  may  be  examined,  according  to  the  rules 
that  will  be  given  in  the  following  article.  In  the  second  case, 
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ferro-cyanate  of  potassa  must  be  added,  as  long  as  it  precipi- 
tates any  thing,  and  the  liquor  must  be  decanted  from  the 
sediment,  which  is  to  be  washed  with  distilled  water,  adding 
the  washings  to  what  has  been  poured  off.  The  decanted  so- 
lution must  next  be  mixed  with  the  alkaline  one,  and  the  pre- 
cipitated earths  reserved  for  experiment.  By  this  last  process, 
earths  and  metals  may  be  separated  from  each  other. 

(e)  Neutral  sails  wilh  alkaline  bases.  These  salts  are  not 
precipitated  cither  by  ferro-cyanate  or  carbonate  of  potassa. 
It  may  happen,  however,  that  •salts  of  this  class  may  be  con- 
tained in  a  solution,  along  with  metallic  or  earthy  ones.  In 
this  case  the  analysis  becomes  diiRcult ;  because  the  alkali, 
which  is  added  to  precipitate  the  two  last,  renders  it  diflBcult 
to  ascertain  whether  the  neutral  salts  are  owing  to  this  addi- 
tion, or  were  originally  present.  I  am  not  aware  of  any  me- 
thod of  obviating  this  difficulty,  except  the  following :  Let 
the  metals  be  precipitated  by  ferro-cyanate  of  ammonia,  and 
the  earths  by  carbonate  of  ammonia,  in  a  temperature  of  180^ 
or  upwards,  in  order  to  ensure  the  decomposition  of  magne- 
sian  salts,  which  this  carbonate  does  not  effect  in  the  cold. 
Separate  the  liquor  by  filtration,  and  boil  it  to  dryness.  Then 
expose  the  dry  mass  to  such  a  heat  as  is  sufficient  to  expel  the 
aromonical  salts.*  Those  with  bases  of  fixed  alkali  will  re- 
main unvolatilized.  By  this  process,  indeed,  it  will  be  impos- 
sible to  ascertain  whether  ammoniacal  salts  were  originally 
present;  but  this  may  be  learned  by  adding  to  tlie  salt  under 
examination,  before  its  solution  in  water,  some  pure  potassa, 
which,  if  ammonia  be  contained  in  the  salt,  will  produce  the 
peculiar  smell  of  that  alkali.  The  vegetable  and  mineral  al- 
kalis may  be  distinguished  by  adding  to  the  solution  a  little 
tartaric  acid,  which  precipitates  the  former  but  not  the  latter; 
or  by  muriate  of  platinum,  which  acts  only  on  the  vegeta- 
ble alkali. 

Having  ascertained  the  basis  of  the  salt,  the  acid  will  easily 

*  This  application  of  heat  will  drive  off,  also,  any  excess  of  the  ammo- 
niacal carbonate,  which  might  have  retained  in  solution  either  yttria,  glu- 
'  cina,  or  zirconia.    The  alkaline  salts  may  be  separated  from  these  earths^ 
by  boiling  the  mixture  in  water,  filtering,  and  evaporating. 
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be  diflcriminated.  Muriated  baryta  will  indicate  sulphuric 
acid ;  nitrate  of  silver  the  muriatic ;  and  salts,  containing 
nitric  acid,  may  be  known  by  a  detonation  ensuing  on  pro- 
jecting them,  mixed  with  powdered  charcoal,  into  a  red-hot 
crucible. 

Art.  III. — Examination  of  Earths  and  Stones, 

When  a  mineral,  the  composition  of  which  we  are  desirous 
to  discover,  resists  the  action  of  water,  and  possesses  charac- 
ters that  rank  it  amon^  earthy  bodies,  the  next  object  of 
inquiry  is  the  nature  of  the  earths  that  enter  into  its  compo^ 
bition ;  in  other  words,  how  many  of  the  simple  earths,  and 
which  of  them,  it  may  contain. — Of  these  earths  (viz.  silica^ 
alumina,  magnesia,  lime,  strontia,  baryta,  zirconia,  glucina, 
and  yttria),  one  or  more  may  be  expected  in  the  composition 
of  a  mineral,  beside  a  small  proportion  of  metals,  to  which  the 
colour  of  the  stone  is  owing.  In  general,  however,  it  is  not 
usual  to  find  more  than  four  of  the  simple  earths  in  one  mine- 
ral. Tlie  newly  discovered  nlkali,  lithia,  and  the  earths,  zfr- 
oonia,  glucirm,  yttrta,  and  thorina,  occur  very  rnrely. 

A  stone,  which  is  intended  for  chemical  examination,  should 
be  finely  powdered  in  a  mortar;  and  care  should  be  taken 
that  the  mortar  is  of  harder  materials  than  the  stone,  other- 
wise it  will  be  liable  to  abrasion,  and  uncertainty  will  be  oc- 
casioned in  the  result  of  the  process.  A  longer  or  shorter 
time  is  required,  according  to  the  texture  of  the  stone.  Of 
the  harder  gems,  100  grains  require  two  or  three  hours*  tritu- 
ratiou.  For  soft  stones,  a  mortar  of  Wedgwood's  ware  is  suf- 
ficient; but,  for  very  hard  minerals,  one  of  agate,  or  hard  steel, 
is  required ;  and  the  stone  should  be  weighed  both  before  and 
after  pulverization,  thnt  the  addition,  if  any,  may  be  ascer- 
tained and  allowed  for.  Gems,  and  stones  of  equal  hardness, 
gain  generally  from  10  to  IS  ptr  cent.  When  a  stone  is  ex- 
tremely difiicult  to  be  reduced  to  powder,  it  may  sometimes 
be  necessary  to  make  it  red*liot,  and  while  in  this  state  to 
plunge  it  Into  cold  water.  By  this  process  it  becomes  brittle 
and  is  afterwards  easily  pulverized.  But  this  treatment  is  not 
always  effectual;  for  Klaproth  found  the  hardne^.of  conin-> 
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dom  not  at  nil  dimiDiibeil  by  Igoitiiig  it>  add  CfMncbfaig  in 
cold  water. 

The  chemical  agents^  employed  in  the  analysis  of  stones^ 
ihoald  be  of  the  gveateit  possible  purity.  To  obtain  them  in 
this  state,  directions  have  been  given  in  the  former  part  of 
this  work. 

In  treating  of  the  analysis  of  stones,  it  niiiy  be  proper  to 
dtride  ibeao,  1st,  into  such  as  are  soluble  either  wholly  or  in 
part^  and  with  effenrescence,  in  nitric  or  muriatic  acids,  di« 
luted  with  fire  or  six  parts  of  water ;  and,  2dly,  into  such  M 
do  nol  dissolve  in  these  acids. 

1-  Earths  or  StomSf  soliMe  with  effervescrnice^  in  diluied  niirw 
or  sulphuric  Acids.^ 

(A)  If  it  be  found,  on  trial,  that  Uie  mineral  under  examt* 
nation  efiervesces  with  either  of  these  acids,  lei  a  given  weighty 
finely  powdered,  be  digested  with  one  of  them  diluted  in  the 
above  proportion,  in  a  gentle  heat,  for  two  or  three  hours« 
Ascertain  the  loss  of  weight,  in  the  manner  pointed  oot«  vol*  i« 
p«  523,  and  filter  the  solution,  reserving  tlie  insoluble  por- 
tion. 

.  (B)  The  solution,  when  eflbcted,  may  contain  liroe^  mag« 
nesia,  alumina,  baryta,  or  strontia.  To  ascertain  the  pre* 
sence  of  the  two  last,  dilute  an  aliquot  part  of  the  solution  with 
SO  times  its  bulk  of  water,  and  add  a  little  sulphuric  add,  or, 
in  preference,  solution  of  sulphate  of  soda.  Should  a  white 
precipitate  fall  down,  we  may  infer  the  presence  of  baryta,  of 
strontia,  or  of  both. 

(C)  To  ascertain  which  of  these  eartlis  {vhc  baryta  or  strong 
tia)  is  present,  or,  if  both  are  contained  in  the  solution^  to 
separate  them  from  each  other,  add  sulphate  of  soda  lo  a  very 
dilute  solution,  till  the  precipitate  ceases ;  decant  the  super* 
uatant  liquid;  wash  the  sediment  on  a  filter,  and  dry  it.-^ 
llien  digest  it,  with  four  times  iu  weight  of  subcarbonate  of 
poutta,  and  a  su£Bcient  quantity  of  water,  in  a  gentle  heat^ 
•  ■•■■■'-■       -'■-        ,  -  -         .        .  ■  ^ 

•  Tbs  talf baric  ieid  il  chi^flj  eligible  for  stones  of  tb6  uiagnesiim  gtoos. 
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during  several  hours.  A  double  exchange  of  prioctplcs  will 
ensue,  and  we  shall  obtain  a  carbonate  of  baryta  or  fltronti»» 
or  a  mixture  of  both,  with  some  undecompoBed  sulphate. 
Pour  on  these^  after  being  well  washed,  nitric  aeid^  of  the 
apecMic  graiity  1.4,  diluted  with  an  equal  weight  of  distilled 
water.  This  will  dissolve  the  strontia,  but  not  the  baryta. 
To  determine  whether  any  strontia  has  been  taken  vp  by  the 
acid,  evaporate  the  solution  to  dryness,  and  dissdi? 0  the  dry 
mass  in  alcohol.  This  alcoholic  solution^  if  it  contain  nitrate 
of  striMitia,  will  burn  with  a  deep  blood-red  flame. 

Baryta  and  strontia  may  also  be  separated  from  each  othiT 
in  the  following  manner:  To  a  saturated  solution  of  the  two 
earths  in  an  acid,  add  ferro-cyanateof  potassa,  which,  if  pure^ 
will  occasion  no  immediate  precipitation;  but,  after  some 
time,  small  and  insoluble  crystals  will  form  on  the  surface  of 
thef  jan  These  are  the  prussiated  baryta,  which  may  be 
changed  into  the  carbonate  by  a  red  heat,  continued,  with  the 
Access  of  air,  till  the  black  colour  disappears.  The  strontia 
may  be  afterwards  separated  from  the  solution  by  carbonate 
of  potassa. 

A  third  method  of  separating  strontia  from  baryta  is  found- 
ed on  die  stronger  affinity  of  baryta,  than  of  the  former  earth, 
for  acids.  Hence  if  the  two  earths  be  present  in  the  same 
solution,  add  a  solution  of  pure  baryta,  till  the  precipitation 
ceases.  The  baryta  will  seize  the  acid,  and  will  throw  down 
the  strontia.  The  strontitic  solution,  in  this  case,  should  have 
no  excess  of  acid,  which  would  prevent  the  action  of  thebary- 
tic  earth.*  It  must  be  acknowledged,  however,  that  all  these 
methods  of  separating  baryta  and  strontia  from  each  other  are 
imperfect,  and  that  an  effectual  process  is  still  a  desideratum. 

(D)  The  solution  (B),  after  the  addition  of  sulphate  of 
soda,  may  contain  lime,  magnesia,  alumina,  and  some  metallic 
oxides.  To  separate  the  oxides,  add  ferro-cyanate  of  potassa, 
till  its  effects  cease,  and  filter  the  solution,  reserving  the  pre- 
cipitate for  future  experiments. 

•  Klaprolb  separates  barjta  from  strontia  by  cnrapornting  the  mixed  solu-* 
tiont  of  both.    Tbe  barytic  salt,  beiag  less  soluUe,  separates  first }  sikI  tiM 

itroqtitic  it  oontain^d  in  the  last  portions. 

2  M  2 
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(E)  When  lime,  magnesia^  and  alumina,  are  oootained  in 
the  same  solution,  proceed  as  follows : 

(a)  Precipitate  the  solution,  previously  made  hot,  by  car- 
bonate of  potassa ;  wash  the  precipitate  well,  and  dry  it.  It 
will  consist  of  carbonate  of  lime^  magnesia,  and  alumina. 
(b)  The  alumina  may  be  separated  by  digestion  with  a  solu- 
tion of  pure  potassa,  which  will  dissolve  the  alumina,  but  not 
the  other  earths,  (c)  To  this  solution  of  alumina,  add,  very 
cautiously,  diluted  muriatic  acid,  till  the  precipitate  ceases,  and 
no  longer:  or,  as  Mr.  Chenevix  recommends,  snbstitnte  mn* 
riate  of  ammonia,  which  throws  down  the  alumina  without 
risk  of  re-dissolving  it ;  decant  the  supernatant  liquor ;  wash 
the  precipitate  well  with  distilled  water,  and  dry  it.  Then 
expose  it  to  a  low  red  heat,  in  a  crucible,  and  weigh  it,  which 
will  give  the  proportion  of  alumina. 

(F)  Magnesia  and  lime  may  be  sepiu*ated,  though  not  with 
perfect  accuracy,  by  the  following  process :  £va|M>ratc  to  dry- 
ness the  solution  in  nitric  or  muriatic  acid.  Weigh  the  dry 
mass,  and  pour  on  it,  iu  a  glass  evaporating  dish,*  more 
than  its  own  weight  of  strong  sulphuric  acid.  Apply  a  sand- 
heat  till  the  acid  ceases  to  rise^  and  then  raise  the  heat,  so  as 
to  expel  the  excess  of  sulphuric  acid.  -Weigh  the  dry  mass, 
and  digest  it  in  twice  its  weight  of  cold  distilled  water.— This 
will  dissolve  the  sulphate  of  magnesia,  and  will  leave  the  sul- 
phate of  lime,  which  must  be  put  on  a  filter,  washed  witli  a 
little  more  water,  and  dried  in  a  low  red  heat.  To  estimate 
the  quantity  of  lime,  allow  for  that  base  41  per  cent,  of  the 
weight  of  the  precipitate  ascertained  before  it  has  become 
cold. 

The  magnesia  is  next  to  be  precipitated  from  its  sulphate 
by  the  sub-carbonate  of  potassa,  in  a  heat  approaching  212^; 
.and  the  precipitate,  after  being  well  washed,  must  be  dried, 
and  calcined  for  an  hour.  Its  weight,  after  calcination,  will 
give  the  quantity  of  magnesia  contained  in  the  stone. 

It  had  been  recommended,  when  magnesia  and  lime  are 
contained  in  the  same  solution,  to  precipitate  the  latter  by  the 

•  The  bottom  of  a  broken  Florence  flask  answers  tliis  pnrpose  extreadj 
well,  and  bears,  without  breaking,  the  heat  necessary  to  expel  the  SQlphnric 
add. 
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bi-carbouate  of  potassa;  but  it  has  been  shown  by  Bacholzy 
that  this  process  is  defective,*  a  considerable  proportion  of 
the  carbonate  of  lime  remaining  in  solution.  Dobereiner  pre- 
fers adding  the  sub-carbonateof  ammonia  to  the  cold  solution 
of  the  two  earths*  The  carbonate  of  llilie  is  thus  thrown 
down,  and  carbonate  of  magnesia  may  afterwards  be  separated, 
by  boiling  the  liquor;  but  it  is  found  in  practice  that  the  first 
precipitate  contains  a  little  magnesia,  and  the  second  a  little 
lime.  To  obviate  this  difiiculty  both  carbonates  may  be  pre^ 
dpitated  together  by  adding  sub-carbonate  of  soda  or  of 
potassa  to  the  heated  solution ;  and  from  this  precipitate,  alWr 
being  sufficiently  washed,  muriate  of  ammonia  will  take  up 
the  carbonate  of  magnesia,  leaving  that  of  lime  separate. 
From  the  weights  of  the  carbonates,  it  is  easy  to  estimate 
those  of  the  pure  earths  contained  in  them. 

Mr.  Phillips  recommends  the  following  plan  of  separating 
lime  and  magnesia  from  each  other.  To  the  muriatic  or 
nitric  solution  of  the  two  earths,  add  sulphate  of  ammonia  in 
sufficient  quantity ;  evaporate  the  mixture  gradually  to  dry* 
ness;  and  then  heat  it  to  redness,  till  it  ceases  to  lose  weight 
by  the  volatilization  of  the  muriate  or  nitrate  of  ammonia 
formetl.  Note  the  weight  of  the  mixed  salt,  reduce  it  to  pow- 
der, and  wash  it  with  a  cold  saturated  solution  of  sulphate  of 
lime,  till  all  the  sulphate  of  magnesia  appears  to  be  dissolved ; 
dry  the  sulphate  of  lime  left;  and  by  deducting  its  weight 
from  that  of  the  mixed  sulphates,  the  quantity  of  sulphate  of 
magnesia  dissolved  will  appear.  (Quart.  Journ.  vL  316.) 
This  method,  which  it  appears  had  been  practised  also  by 
Mr.  Cooper,  has  been  shown  by  the  latter  to  be  susceptible 
of  great  precision.     (Quart  Journ.  vii.  392. }t 

Dr.  Daubeny,  in  an  elaborate  memoir  on  the  methods  of 
separating  lime  from  magnesia,  (Edinburgh  Philosophical 
Journal,  vii.  106.)  proposes  the  following  modification  of  the 
process  which  has  been  just  described.  Dissolve  a  given  por* 
tion  of  the  earth  under  examination  in  nitric  acid,  thus  sepa* 

«  Aun.  de  Chim.  et  Pbys.  iii.  403. 

t  Respecting  the  separation  of  these  carthi,  the  reader  may  also  consult 
Ann.  de  Chtm.  et  de  Phys.  ix,  177.  xii.  855  and  zTii.  349;  uUo  Ann,  of 
Phil.  111.  394.  xiii.  56. 
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rating  die  silica,  aad  most  of  the  peroKide  of  iroiit  from  the 
Koie,  magnevia,  alumina,  protoxide  of  iron,  &€•  Evaporate 
the  solntiaii,  and  drive  off  the  nitric  acid  by  keai,  thm  con- 
▼erting  the  iron  into  a  peroside.  Weigh  die  residiniin  after 
caldnatioo,  and  treat  it  with  distilled  vinegar  or  diluted  acetic 
add,  which  will  take  -up  only  the  lime  end  magnesia.  Snb- 
tfuct  the  weight  of  the  undissolved  portion  from  that  of  the 
lesidoom  after  calcination,  thus  ascertaining  the  joint  weight 
^  the  dissolved  lime  and  magnesia;  then  decompose  the 
acetates  by  sulphate  of  ammcmia ;  evaporate  the  solution  neaHy 
to  dryness,  and  separate  the  sulpliate  of  magnesia  from  the 
sulphate  of  lime,  by  washing  with  water  already  saturated  with 
sulphate  of  lime.  Expose  the  sulphate  of  lime  to  a  red 
heat,  and  ascertain  its  weight,  from  which  the  amount  of  the 
lime  originally  present  may  be  readily  deduoed.  We  may 
then  inter  the  weight  of  the  magnesia  from  the  difference 
between  the  amount  of  the  lime,  and  that  of  tlie  whole  which 
the  vinegar  was  found  to  have  dissolved ;  or,  if  we  widi  to 
verily  the  result,  it  may  be  done  by  precipitating  the  mt^ 
nesia  by  an  alkali,  or  still  better  b^  converting  it  into  triple 
phosphate.  Thequantity  of  sulphate  of  lime,  present  in  the 
water  used  for  washing  ok  the  sulphate  of  magnesia,  may  be 
estimated  and  allowed  (or. 

Or  we  may  content  ourselves  by  dissolving  the  lime  and 
magnesia  in  muriatic  acid ;  decomposing  the  scrfution  by  sul- 
phate of  ammonia ;  and  after  suflfedng  the  sulfAate  of  lime  to 
sidxide^  decanting  off  the  supernatant  liquor,  and  throwing 
down  the  magnesta  from  the  latter  by  carbonate  of  ammonia 
and  phosphate  of  soda.  The  magnesia  contained  in  tlie  pre- 
cipitate may  be  estimated  by  the  riile  already  given,  page  511. 

(G)  If  magnesia  and  alumina  only  be  held  in  solution  by  an 
aeid  <the  absimce  of  lime  being  indicated  by  the  non-appear- 
ance of  a  predpiute,  on  adding  oxalate  of  ammonia),  the  two 
earths  may  be  separate<)  by  adding,  to  the  cold  solution,  the 
aarbmiate  of  amnKmia.  This  will  separate  the  afaunina,  which 
may  be  collected,  washed,  and  dried.  To  ascertain  that  a 
complete  separation  of  the  two  earths  has  been  accomplished, 
the  process  may  be  followed,  which  is  recommended  by  Klap^ 
roth,  in  his  Contributions,  vol.  i.  page  418,    The  im^piesiai 
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nmitijikif  ia  solution,  may  be  precipitated  by  sub^caAonate 
of  potassa ;  beat  being  appiied,  to  expel  the  eKoeae  of  carbopto 
acid. 

Magnesia  and  alumina  roay»  aleo,  be  leparated  by  succittafc 
of  eoda,  which  precipitates  the  latter  earth  only.'*^ 

When  the  nitric  solution  of  magnesia,  of  alomkia,  or  <9f 
both,  contains  a  small  proportion  of  iron,  this  may  be  sepa^- 
rated  from  either  or  both  of  the  earths  by  evaporating  to  dry- 
ness, calcining  the  residue,  during  one  hour,  in  a  low  red 
heat,  and  dissolving  again  in  dilute  nitric  acid,  which  does  not 
take  up  iron  when  thus  per-oxidized. 

(H)  Tlie  insoluble  residue  (A)  may  contain  alumina,  silica, 
and  oxides  of  metals,  so.  far  oxidized,  as  to  resist  the  action  of 
nitric  and  muriatic  acids. 

(a)  Add  concentrated  sulphuric  acid,  with  a  small  (juantity 
of  potassa,  and  evaporate  the  mixture  to  dryness,  in  the  vessel 
described  in  the  note  p.  532*  On  the  dry  mass  pour  a  fresh 
portion  of  the  acid ;  boil  again  to  dryness^  and  let  this  be 
done,  repeatedly,  three  or  four  times.  By  tbi»  operation,  the 
alumina  will  be  converted  into  alum,  which  will  be  easily 
soluble  in  warm  water;  and  from  the  solution,  crystals  of 
alum  will  shoot  on  evaporation.f  The  alumina  may  be  pre** 
cipitated  from  the  sulphuric  acid  by  carbonate  of  potassa ; 
washed,  dried,  and  ignited ;  and  its  weight  ascertained. 

During  the  evaporation  of  a  solution  of  alumina,  which  has 
been  separated  from  silica,  portions  of  the  latter  earth  continue 
to  fall,  even  to  the  Iast{  These  must  be  collected,  and 
washed  with  warm  water ;  the  collected  earth  added  to  the 
portion  (£),  and  the  washings  to  the  solution  (a). 

Alumina  may  be  separated  from  oxide  of  irou  by  a  solution 
of  pure  potassa. 

From  whatever  acid  alumina  is  precipitated  by  a  fixed 
alkali,  it  is  apt  to  retain  a  small  portion  of  the  precipitant. 
To  ascertain  the  true  quantity  of  this  earthy  it  must,  therefore, 

*  See  %n\,  of  the  dw}>ter  on  Mineral  Waters. 

f  Klaproth  procured  cryefah  of  alcini  from  one  fourth  of  a  gralu  of 
akimia.  The  qoaotity  of  alamina  he  esttmates  at  one  tenth  the  weight  of 
the  eryetaUized  alma  which  is  obtained. 

}  See  Klaproth,  toL  i.  pages  66  and  75. 
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be  fe-di«olTed  in  acetons  add,  agaio  predpiCaled  bjr  i 
of  pure  •wim^MiUj  dried,  and  ignited. 

(b)  The  oxides  (genanlly  of  iron  only)  may  be  wparated 
from  the  silica  in  the  following  manner: — Ijet  the  iiMoloUe 
part  (a)  be  heated  in  a  crucible  with  a  little  wax.  Thb  will 
render  the  oxides  soluble  in  diluted  sulphoric  add,  and  the 
silica  will  be  left  pure  and  white.  Let  it  be  washed,  ignited, 
and  its  wei|^t  asoertamed. 

2.  Stones  insoluble  in  dihUed  niiric  and  muriatic  Adds, 

These  stones  mast  be  reduced  to  powder,  observing  the  cau- 
tions given  in  page  529. 

(1)  Let  100  grains,  or  any  other  determinate  quantity,  be 
mixed  with  three  times  their  weight  of  pure  and  dry  potassa. 
Put  the  whole  into  a  crucible  of  pure  silver,  set  in  one  of 
earthenware  of  a  larger  size,  the  interstice  being  filled  with 
sand ;  and  add  a  little  water.*  The  crucible,  covered  with 
a  lid,  must  then  be  gradually  heated ;  and,  as  the  materials 
swell  and  would  boil  over,  they  are  to  be  stirred  constantly 
with  a  rod  or  spatula  of  silver.  When  the  moisture  is  dissi- 
pated, and  the  mass  has  become  quite  dry,  raise  the  heat  as  far 
as  can  be  done  without  melting  the  crucible,  if  of  silver,  and 
continue  the  heat  during  half  an  hour,  or  an  hour. 

The  phenomena  that  occur  during  this  operation,  indicate, 
in  some  d^ee^  the  nature  of  the  mineral  under  examination. 
If  the  mixture  undergo  a  perfectly  liquid  fusion,  we  may  pre- 
sume that  the  stone  contains  much  siliceous  earth ;  if  it  remain 
pasty  and  opaque,  the  other  earths  are  to  be  suspected  ;  and, 
lastly,  if  it  have  the  form  of  a  dry  powder,  the  bulk  of  which 
has  considerably  increased,  it  is  a  sign  of  the  predominance 
of  alumina. 

If  the  fused  mass  have  a  dark  green  or  brownish  colour,  tlie 


*  Klaproth  eflfected  the  duiot^grmtion  orcoranduiii  (which  resbtad  eleven 
snccetsire  fusions  with  alkali)  bj  adding  to  the  powdered  stone,  in  a  crnci* 
ble,  a  solution  of  pore  potassa,  boiling  to  dryness,  and  pushing  the  mixture 
to  fusion.  Tlie  alkali  must  be  perfectlj  caustic,  and  must  have  been  pad- 
fied  by  alcohol.  A  platinum  crucible  is  unfit  for  this  purpose,  as  it  is  cor- 
roded by  pure  alkalis. 
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presence  of  oxide  of  iron  is  announced;  a  bright  green  indi- 
cates manganese,  especially  if  the  colour  be  imparted  to  water ; 
and  a  yellowish  green  the  oxide  of  chrome. 

(a)  The  disintegration  of  stones,  consisting  chiefly  of 
alnmina,  is  not  easily  efiected,  however,  by  means  of  potassa. 
Mr.  Chenevix  found  (Philosophical  Transactions,  1802)  that 
minerals  of  this  class  are  much  more  completely  decomposed 
by  fusion  with  calcined  borax.  One  part  of  the  mineral  to  be 
examined,  reduced  to  a  very  fine  powder,  and  mingled  with 
2-^  or  three  times  its  weight  of  glass  of  borax,  is  to  be  exposed 
to  a  strong  heat  for  two  hours  in  a  crucible  of  platinum,  set 
in  a  larger  earthen  one,  and  surrounded  by  sand.  The  cru* 
cible  and  its  contents,  which  adhere  very  strongly  to  it,  are 
then  to  be  digested,  for  some  hours,  with  muriatic  acid,  by 
which  a  perfect  solution  will  be  accomplished.  The  whole 
of  the  earthy  part  is  then  to  be  precipitated  by  sub-carbonate 
of  ammonia;  and  the  precipitate,  after  being  well  washed,  is 
to  be  renlissolved  in  muriatic  acid.  By  this  means,  the 
borax  is  sepai*ated.  The  analysis  is  afterwards  to  be  conducted 
nearly  in  the  manner  which  will  presently  be  described. 

(K)  The  crucible,  being  removed  from  the  fiie^  is  to  be 
well  cleaned  on  the  outside,  and  set,  with  its  contents,  in  a 
porcelain  or  glass  vessel,  filled  with  hot  water,  which  is  (o 
be  stirred  and  renewed,  occasionally,  till  the  whole  mass  is 
detached.  The  water  dissolves  a  considerable  pait  of  the 
compound  of  alumina  and  silica  with  potassa,  and  even  the 
wholes  if  added  in  sufficient  quantity.  During  cooling  a  se^ 
diroent  occasionally  forms,  in  the  filtered  liquor,  of  a  brown- 
ish odour,  which  is  oxide  of  manganese.  (See  Klaproth, 
i.  345,  L) 

(L)  To  the  solution  (K),  and  the  mass  that  has  resisted 
solution,  in  the  same  vessel,  add  muriatic  acid.  The  first  por- 
tions of  acid  will  throw  down  a  flocculent  sedimciit,  which 
consists  of  the  earths  that  were  held  dissolved  by  the  alkali. 
Then  an  efiervescence  ensues;  and  a  precipitate  occurs,  which 
is  no  sooner  formed  than  it  is  dissolved.  Lastly,  the  portion 
that  resisted  the  action  of  water  is  taken  up,  silently  if  it  con- 
tain alumina,  and  with  efiervescence  if  it  be  carbonate  of  lime. 

(M)  From  the  phenomona  attending  the  aaion  of  muriatic 
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add,  fonie  indicstioiis  may  be  demed.  If  tlie  toliitlMi  ( 
a  piurplifb  red  colour,  it  is  a  sign  of  oxide  of  nanipiiiMe;  an 
orange  red  shows  iron;  and  a  gold  yellovr  colour  betokens 
dirome.  Freedon  from  colour  proves  that  the  stone  con- 
tains no  metallic  ingredients. 

(N)  When  the  solation  is  complete,  it  is  to  be  evaporated 
to  dryness  in  a  glass  vessel;  bat,  if  any  thing  resist  solntion, 
k  must  be  heated,  as  before  (I),  with  potassa.  When  the 
llqnor  approadies  to  dryness,  it  assumes  the  form  of  a  jelly, 
and  must  then  be  diligently  stirred  till  quite  dry. 

(O)  (a)  Let  the  dry  mass  be  digested,  at  a  gentle  heat,  with 
three  or  four  pints,  or  even  more,  of  distilled  water,  and  filtered. 
(i)  Wash  what  remains  on  the  filter,  repeatedly,  till  the  warii* 
ifigs  cesse  to  precipitate  the  nitrate  of  silver,  and  add  the 
washings  to  the  filtered  liquor,  (c)  Let  the  residue  on  tlie 
filter  be  dried  and  ignited  in  a  crucible.  Its  weight  shows  the 
quantity  of  silica.  If  pure^  it  should  be  perfectly  white;  but  if 
k  has  any  colour,  an  admixture  of  some  metallic  oxide  is  indi« 
oated.  From  this  it  may  be  purified  by  digestion  in  muriatic 
acid,  and  may  again  be  washed,  ignited,  and  weighed. 

(P)  Tb^  solution  (O),  which,  owing  to  the  addition  of  the 
washings,  will  have  considerable  bulk,  is  next  to  be  evaporated, 
till  less  than  a  pint  remains ;  carbonate  of  potassa  must  then  be 
added,  and  the  liquor  must  be  heated  during  a  few  minutes. 
Let  the  precipitate,  occasioned  by  the  alkali,  subside;  decant 
the  liquor  from  above  it,  and  wash  the  sediment,  repeatedly, 
with  warm  water.     Let  it  then  be  put  on  a  filter  and  dried. 

(Q)  The  dried  powder  may  contain  alumina,  lime,  mag- 
nesia, baryta,  or  strontia;  besides  metallic  oxides,  which  may 
be  separated  from  each  other  by  the  rules  already  given. 

(R)  It  may  be  proper  to  examine  the  solution  (P)  after  the 
addition  of  carbonate  of  potassa,  in  order  to  discover,  whether 
any  and  what  acid  was  contained  in  the  stone. 

(e)  For  this  purpose,  let  the  excess  of  dkali  be  neutralised 
by  muriatic  acid,  and  the  liquor  filtered* 

(()  Add,  to  a  little  of  this  liquor,  a  solution  of  muriated 
baryta.  Should  a  copious  precipitate  ensue,  which  is  ins<^ 
Ittble  in  diluted  muriatic  acid,  the  presence  of  sulphuric  add  is 
detected.    And  if  much  baryta,  strontia^  or  lime,  has  been 


Digitized  by  VjOOQ IC 


M0r»  Iir*  BXAMlNATIOtf  OF  litMBtALS.  {^88 

fimnd  ia  the  predpitate  (Q)}  we  may  infer  the  preseoee  of  • 
•alphate  of  one  of  these  three  eartha. 

(c)  If  on  mixing  the  liquid  (a)  with  the  eelation  of  raoriated 
baryta,  a  precipitate  should  ensue  wbieb  is  solubkf  without 
eftrvescence,  in  muriatse  acid,  the  pboepborio  acid  imy  be 
known  to  be  present;  and,  if  lime  be  also  founds  the  pbos* 
pbate  of  lime  is  indicated. 

(d)  To  a  portion  of  the  liquor  <a)  add  a  solution  of  muriate 
ofiime  tail  the  precipitate^  if  any,  ceases^  Collect  this  preei<- 
pitate,  wash  it,  dry  it,  and  ponr  on  it  a  little  sulphuric  aeid^ 
Should  acid  fumes  arise,  the  fluoric  acid  may  be  SHspe^iecL 
To  ascertain  its  presence  decisirely,  distil  a  p<Nrtbn  of  the 
precipitate  with  half  its  weight  of  sulphuric  acid.  The  fluorie 
aeid  will  be  known  by  iu  effects  on  the  retort,  and  by  its  other 
properties. 

■  (S)  The  method  of  separating,  from  each  other,  the  metal* 
lie  oxides,  usually  found  as  the  coUmring  ingredients  of  stones, 
remains  to  be  accomplished. 

(a)  Let  the  precipitate,  by  ferro-eyanate  of  potassa  (D\  be 
exposed  to  a  red  beat,  by  which  the  prussic  add  will  be  de* 
composed*  The  oxides  thus  obtained,  if  insoluble  in  dilole 
nitric  or  muriatic  add,  will  be  rendered  soluble,  by  again 
caldoing  them  with  the  addition  of  a  little  wax  or  oil. 

(b)  Or  the  process  may  be  varied  by  omitting  the  predpw 
tation  by  ferro-cyanate  of  potassa,  and  proceeding  as  directed 
(E),  The  oxides  will  remain  mixed  with  the  mi^nesift  and 
lime^  and,  after  the  addition  of  sulphuric  actd,  wUl  be  held 
in  solution  by  tliat  acid,  along  with  magnesia  only. 

.  In  both  cases  the  same  method  of  proceeding  may  be 
adopted;  such  variation  only  being  necessary  as  is  occasioned 
by  the  presence  of  magnesia  in  the  latter. 

{c)  To  the.  solution  (a  or  b\  containing  several  metallic 
oxides  dissolved  by  an  add,  add  a  solution  of  bi<«arbonate  of 
potassa,  as  l<Hig  as  any  precipitation  ensues.  This  will  sepn* 
rate  the  oxides  of  iron,  chrome,  and  nickel ;  but  the  oxide  of 
manganese  and  the  magnesia,  if  any  be  pnesenl,  will  remain 
dissolvied. 

If  a  small  quantity  of  oxide  of  manganese  be  suspected  in 
an  oxide  of  iron,  it  may  be  detected  by  mixing  the  oxide  with 
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nitre,  and  throwing  the  mixture  into  a  rcd*bot  crucible*  Man- 
ganese will  be  indicated  by  an  amethystine  red  tinge  in  the 
solution  of  this  nitre. 

To  separate  the  oxides  of  iron  and  manganese  firom  each 
other,  Oehlen  recommends  succinic  acid,  which  is  preferred, 
also^  by  Kiaproth  and  Bucholz.  Berzelius  employs  for  this 
purpose  the  compounds  of  benzoic  acid.  Dr.  John  advises 
the  addition  of  oxalate  of  potassa  to  the  solution  of  the  tWo 
oxides,  first  rendered  as  neutral  as  possible ;  but  Buchols  finds 
that  this  process  is  imperfect,  and  that  the  oxalates  precipitate 
manganese  as  well  as  iron. 

Mr.  Hatchett  has  suggested  a  better  method  of  separating 
iron  from  manganese.    The  solution  of  the  ore,  made  by  sul* 
phuric  acid,  and  filtrated,  must  be  diluted  with  three  or  four 
pints  of  cold  distilled  water.     To  this  liquid,  pure  ammonia 
must  be  gradually  added»  till  it  slightly  restores  the  blue  co- 
lour of  reddened  iitmns  paper.     Tlic  oxide  of  iron  wilt  thus 
be  separated,  and  will  remain  on  the  filter  upon  which  the 
liquor  is  thrown;   and  the  oxide  of  manganese   will  pass 
through  ir,  in  a  state  of  solution.     The  oxide  of  manganese 
may  be   obtained   by  evaporation  to  dryness,   and  by  cal- 
cining in  a  heat  sufficient  to  expel  the  muriate  of  ammonia.* 
The  advantage  of  this  method  is,  that  the  triple  sulphate  of 
ammonia  and  manganese,  being  very  soluble  in  water,  is  not 
af&cted  by  an  excess  of  alkali,  so  that  no  nicety  is  required  in 
the  addition  of  the  ammonia.     At  the  same  time,  Mr.  Faradoy 
observes,  it  is  necessary  that  there  be  sulphuric  acid  enough 
present  to  form,  with  the  ammonia  and  the  manganese.,  the 
soluble  triple  salt.     If  to  a  solution  containing  much  manga- 
nese and  little  iron,  excess  of  ammonia  be  added,  manganese 
will  be  thrown  down  as  well  as  iron,  because  the  sulphuric 
acid  present  is  not  sufficient  to  combine  with  the  manganese 
and  the  ammonia,  in  the  proportions  required  to  convert  the 
whole  of  the  manganese  into  a  triple  salt.     In  such  a  case, 
sulphuric  acid  ought  to  be  added  to  the  solution  before  the 
ammonia.      When    the   proportion    of  iron   is   greater,  of 
course  there  is  more  sulphuric  acid  present  to  combine  with 


*  Thomson's  Aimsis,  v.  843. 
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the  ammonia,  and  less  additional  acid  is  required.  (Quarterly 
Journal,  vi.  154.) 

Some  other  methods  of  separating  iron  and  manganese,  in 
addition  to  that  of  Mr.  Hatchett,  have  been  described  by  Mr« 
Faraday  in  the  same  volume  of  the  Quarterly  Journal,  p.  357* 
One  of  the  most  easy  and  simple  seems  to  be,  to  throw  down 
the  oxides  (the  iron  being  peroxidized),  together  from  their 
solution ;  to  wash  them  by  decantation ;  and  to  digest  them  in 
muriate  of  ammonia  with  a  little  sugar.  Tlie  manganese, 
both  protoxide  and  peroxide,  will  be  dissolved,  and  the  oxide 
of  iron  will  remain. 

Of  these  methods  of  separating  iron  and  manganese,  it  is 
probable  that  Mr.  Herschell  was  not  aware,  when  (in  a  paper 
published  in  the  Annals  of  Philosophy,  N.  S.  iii.  95),  he  con- 
demned as  ine£fectual  all  methods  antecedent  to  the  following, 
which  he  has  himself  proposed.  The  solution  containing  iron 
is  to  be  brought  to  the  roaxinmm  of  oxidation,  capable  of 
being  communicated  by  boiling  with  nitric  acid.  It  is  then 
to  be  just  neutralized,  while  in  a  state  of  eOulUtion,  by  carbo- 
nate of  ammonia.  Tlie  whole  of  the  iron  to  the  last  atom  is  pre- 
cipitated, and  the  whole  of  the  other  metals  present  (supposed 
to  be  manganese,  cerium,  nickel,  and  cobalt),  remains  in  so- 
lution. To  insure  success,  it  is  necessary  that  no  oxide  of 
manganese  or  cerium,  above  the  first  degree  of  oxidation, 
should  be  present;  otherwise  it  will  fall  down  along  with  tlie 
iron.  In  performing  the  process,  the  metallic  solution  should 
not  be  too  concentrated,  and  must  be  agitated  the  whole  time, 
especially  towards  the  end;  and  when  the  tests  of  alkdis  are 
feebly  aflected,  the  ammoniacal  carbonate  must  be  added 
slowly  and  in  a  diluted  state.  The  precipitation  turns  on  a 
peculiarity  in  the  peroxide  of  iron,  by  virtue  of  which  it  is 
incapable  of  existing  in  a  neutral  solution  at  a  boiling  tenipe-* 
rature.  It  may  be  made,  Mr.  Herschell  finds,  the  principle 
of  a  method  of  detecting  the  minutest  quantity  of  other  metals 
in  union  with  iron,  for  example^  of  nickel,  titanium,  and  man- 
ganese, but  not  of  uranium. 

(d)  Magnesia  and  oxide  of  manganese  may  be  separated  by 
adding  to  their  solution  (c)  the  hydro-sulphuret  of  potassa,* 


•  See  vol.  i.  page  870. 
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which  mil  throw  down  the  numganes^  bat  not  the  i 
The  precipitated  maoganese  mast  be  calcined  with  the  i 
of  air  and  weighed.  The  magnesia  may  afterward  be  tepa* 
rated  by  aolation  of  pare  potaata,  or  of  the  anbcarboMlc^  at 
a  boiling  heat,  and,  when  precipitated^  araii  be  washed^  dried^ 
and  calcined. 

(e)  The  oxide  ol  chrome  may  be  aeparated  firooi  those  of 
ifoo  and  nickd^  by  repeatedly  boiling  the  three  to  dryneH^ 
with  nitric  add.  This  will  acidify  the  chroBM,  and  wiU  ran* 
der  it  solaUe  io  pore  potaasa,  which  docs  not  tahe  op  the 
other  oxides.  From  this  combination  with  potassa  the  chrolmc 
oxide  may  be  detached  by  adding  mariatic  add  and  evapo- 
rating the  liquor  till  it  aasomes  a  green  cdbur.  Thcn^  on 
adding  a  solution  of  pure  potassa,  the  oxide  of  dirome  will 
£ill  down,  because  the  qoanti^  of  oxygen,  reqnired  for  iU 
acidification,  has  been  detached  by  the  mariatic  acid. 

(f)  The  oxides  of  iron  and  nickel  are  next  to  be  diasolred 
in  muriatic  acid;  and  the  solution  evaporated  to  dryncaa. 
Liquid  ammonia  is  then  to  be  added,  which  acta  on  the  oxide 
of  nickel  only.  The  solution  may  be  again  evaporated  to  dry- 
ness, which  wiU  render  the  oxide  of  iron  more  denser  and 
more  easily  separable  from  the  soluble  portion.  A  fresh  addi* 
tion  of  ammonia  will  now  readily  dissolve  the  nickel,  leaving 
^  oxide  of  iron,  which  must  be  collected  on  a  filter,  dried^ 
and  weighed.  If  highly  oxidized,  it  most,  before  we%bin|^ 
be  calcined  with  wax,  in  a  crucible.'*^  The  oiude  of  nickel  re- 
mains dissolved  by  the  excess  of  ammonia,  to  which  k  imparts 
a  blue  coloar.  It  may  lie  separated  by  evaporating  the  solu* 
tion  to  dryness  and  dissolving  the  salt.t 

(g)  Oxide  of  nick^  may  be  separated  firom  oxide  of  copper, 
when  contained  in  the  same  solution,  by  immersing  in  the  so- 
lution a  bar  of  zinc,  which  will  precipitate  the  latter  metid 
only. 

(A)  From  the  ammoniacal  solution  of  nickel  and  cobalt,  Mr. 

*  Dr.  Marcet  alleges  that  after  this  opt  ration,  the  iron  still  renwiaft  in 
Ihs  itats  of  poroxi4e«    Geoiogi  Transact  i. 

t  For  an  example  of  (he  separation  of  nickel  from  iron,  see  Klaproth's 
Contributions,  vol.  i.  page  422 ;  where,  also,  and  pRge  428,  is  au  mstancs 
of  the  testitig  of  nickel  for  copper. 
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Pbi)lip8  finds  that  the  fotrticr  metal  is  immediately  precipitated 
by  potaasa  or  soda,  which  Tory  slowly  and  sparingly  throw 
down  cobalt  from  tlie  same  soWent.  Laugier  has  proposed  a 
method  of  separating  nickel  from  cobalt,  founded  on  the  soIih 
bility  of  the  triple  oxalate  of  ammonia  and  cobalt  in  waters 
The  mixed  oxalates  of  nidcel  and  cobalt,  precipitated  fay  an 
alkaline  oxalate,  are  to  be  placed  in  diluted  ammonia,  which 
dissolves  both.  The  solution  being  exposed  to  the  air^  in 
order  that  the  excess  of  ammonia  may  escape,  the  salt  of 
nickel  precipitates^  while  that  of  cobalt  remains  in  soloUoci* 

The  analysis  of  the  stone  is  n(>w  completed,  and  its  acou* 
racy  may  be  judged  by  the  correspondence  of  the  weight  of 
the  component  parts  with  that  of  the  stone  cnigioally  sub* 
mitted  to  experiment. 

It  may  be  proper  to  observe,  that  certain  stones,  which  are 
not  soluble  in  diluted  nitric  and  muriatic  acids^  may  be  de« 
composed  by  an  easier  process  than  that  described  (A). 
Among  these  are  the  compounds  of  baryta,  strontia,  and  limc^ 
with  acids,  chiefly  with  the  sulphuric^  fluoric,  and  phosphoric* 
The  sulphates  of  baryta,  strontia,  and  lime ;  the  fioate  of 
lime;  and  the  phosphate  of  lime;  are  all  fomid  native  in  the 
earthy  and,  except  the  last,  are  all  insoluble  in  the  above-men- 
tioned acids.  They  may  be  known  generally  by  their  external 
characters.  Tlie  compounds  of  baryta  and  strontia  have  a 
specific  gravity  greater  than  that  of  other  earths,  but  inferior 
to  that  of  metallic  ores.  They  have,  frequently,  a  regular  or 
crystallized  form,  are  more  or  le£»  transparent,  have  some 
lustre,  and  their  hardness  is  such  as  does  not  prevent  their 
yielding  to  the  knife.  The  combinations  of  lime,  with  the 
above-mentioned  acids,  arc  distinguished  by  similar  charae* 
ters,  except  that  they  are  much  less  heavy.  To  the  minera- 
logist,  the  outward  form  and  characters  of  these  stones  are 
sufficient  indications  of  their  composition. 

Instead  of  the  fusion  with  alkali,  an  easier  process  may  be 
recommended.  Let  the  mineral  under  examination  be  reduced 
to  powder,  and  be  digested,  in  nearly  a  boiling  heat,  during 
one  or  two  hours,  with  three  or  four  times  its  weight  of  car^ 
bonate  of  potasaa,  and  a  sufficient  quantity  of  distilled  waten 
The  acid,  unifed  wi^H  the  earth,  will  quit  it  and  pass  to  the 
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potasssy  while  the  carbonic  acid  will  leave  the  alkali  and  com- 
bine with  the  earth.  We  fthall  obtain,  therefore,  a  compound 
of  the  acid  of  the  stone  with  potassa,  which  will  remain  in  so- 
lution, while  the  carbonated  earths  will  form  an  insoluble  pre- 
cipitate;  but,  as  already  stated  (vol.  i.  p.  58t)t  the  decompo- 
sition is  scarcely  ever  complete.  It  is  necessary,  therefore^  to 
decant  the  alkaline  liquor ;  to  edulcorate  the  precipitate  with 
water ;  tiien  to  dissolve  the  earthy  carbonates  by  diluted  mu- 
riatic or  nitric  acids ;  and  to  treat  the  portion  which  r^ists 
solution  with  a  fresh  quantity  of  sob-carbonate  of  )x>tii88a. 
In  this  way  we  may  proceed,  till  boiling  with  mild  alkalis 
produces  no  mere  earthy  carbonate.  The  alkaline  solution 
may  be  assayed  to  discover  the  nature  of  the  acid,  according 
to  the  formula  (I) ;  and  the  earths,  dissolved  by  the  ackl  which 
has  been  applied  to  them,  may  be  separated  from  each  other 
by  the  processes  (B),  Sec. 

(T)  In  the  foregoing  rules  for  analysis  I  have  omitted  the 
mode  of  detecting  and  separating  glucina^  because  this  earth 
is  of  very  rare  occurrence.  When  alumina  and  glucina  are 
present  in  a  mineral,  they  may  be  separated  from  the  preci- 
pitate (£  a)  by  pure  potnssa,  which  dissolves  both  these  earths. 
A  sufficient  quantity  of  acid  is  then  to  be  added  to  saturate 
the  alkali ;  and  carbonate  of  ammonia  is  to  be  poured  in,  till  a 
considerable  excess  of  this  carbonate  is  manifested  by  the 
smell.  The  alumina  is  thus  separated,  but  the  glucina,  being 
soluble  in  the  carbonate  of  ammonia,  remains  dissolved,  and 
may  be  precipitated  by  boiling  the  solution. 

(LJ)  Zircouia  may  be  separated  from  alumina,  by  boiling 
the  mixed  earths  with  pure  soda,  which  acts  only  on  the  lat- 
ter.* Fix>m  an  acid  solution  containing  both  earths,  the  alu- 
mina is  thrown  down  by  saturated  carbonate  of  potassa,  which, 
when  added  in  excess,  re-dissolves  the  zirconia.  Glucina  and 
zirconia,  or  glucina  and  yttria,  may  be  separated,  when  mixed 
together  in  solution,  by  ferro-cyanate  of  potassa,  which  has  no 
action  on  glucina,  but  precipitates  the  two  other  earths, 

(V)  To  separate  yttria  from  alumina,  precipitate  both  earths 
from  a  solution  containing  them,  by  pure  ammonia;  boil  the 
precipitate  in  a  solution  of  pure  soda,  which  chiefly  takes  up 


*  Klnproth,  toI.  ii.  page  213, 
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alumina ;  neutralize  the  solution  with  sulphuric  acid,  and  add 
carbonate  of  soda  to  the  solution,  brought  to  the  boiling 
temperature.  A  precipitate  will  ensue,  consisting  of  alumina, 
with  some  yttria.  To  separate  the  latter  earth,  dissolve  in 
muriatic  acid,  and  add  an  excess  of  carbonate  of  ammonia, 
which  takes  up  only  the  yttria.  To  ensure,  still  farther,  the 
purity  of  the  alumina,  dissolve  the  residue  in  an  excess  of 
sulphuric  acid,  add  a  small  portion  of  sulphate  of  potassa, 
and  crystallize  the  solution.  The  crystals  of  alum,  that  are 
produced,  contuin  one-tenth  of  alumina. 

(W)  The  presence  of  potassa  (which  has  lately  been  disco* 
vered  in  some  stones)  may  be  detected  by  boiling  the  pow- 
dered mineral,  repeatedly  to  dryness,  with  strong  sulphuric 
acid.  Wash  the  dry  mass  with  water,  add  a  little  excess  of 
acid,  and  evaporate  the  solution  to  a  smaller  bulk.  If  crystals 
of  alum  should  appear,  it  is  an  indication  of  potassa,  because 
alum  can  never  be  obtained  in  a  crystallized  form,  without  the 
addition  of  an  alkali. 

But  since  a  mineral  may  contain  potas&a,  and  little  or  no 
alumina,  in  which  case  no  crystals  of  alum  will  appear,  it  may 
be  necessary,  in  the  latter  case,  to  add  a  little  alumina  along 
with  the  sulphuric  acid.  Or  the  stone  may  be  so  hard  as  to 
resist  the  action  ef  sulphuric  acid;  and  it  will  then  be  neces* 
sary  to  fuse  it  [in  the  manner  directed  (I)]  with  soda,  which 
has  also  a  solvent  power  over  alumina  and  silica.  The  fused 
mass  is  to  be  dissolved  in  water,  and  supersaturated  with  sul- 
phuric acid.  Evaporate  to  dryness,  re-dissolve  in  water ;  and 
filter,  to  separate  the  silica.  Evaporate  the  solution,  which 
will  first  afford  crystals  of  sulphate  of  soda,  and  afterwards 
of  sulphate  of  potassa,  should  the  latter  alkali  be  contained  in 
the  mineral. 

Klaproth  first  discovered  potassa  in  leucite,  on  summing  up 
the  results  of  its  analysis,  which  gave  a  considerable  loss  of 
weight.  By  boiling  the  stone  with  diluted  muriatic  acid,  and 
evaporation,  he  obtained  crystals  of  muriate  of  potassa.  An- 
other proof  of  the  presence  of  potassa  was,  that,  when  sul- 
phuric acid  was  boiled  with  it,  the  solution  gave  crystals 
of  alum,  to  which  potassa  is  essential.  He  also  boiled  the 
stone  with  muriatic  acid,  ami,  after  diss<dving  the  muriate  of 

VOL.   II.  2   N 
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alumina  by  alcohol,  muriate  of  potassa  remained.  The  vol* 
canic  leucite  contained  less  potassa  than  other  kinds.  The 
same  alkali  he  also  detected^  afterwards,  in  lepidolite. 

The  potassa,  contained  in  sulphate  of  alumina,  may  be  sepa- 
rated from  that  earth,  by  addiug  a  solution  of  pure  baryta  as 
long  as  any  precipitation  is  produced.  The  alumina  and  sul- 
phate of  baryta  will  fall  down  together,  and  the  potassa  will 
remain  in  solution.  •  Its  presence  may  be  known  by  the  tests, 
enumerated  at  page  5iii. 

In  certain  minerals  that  gelatinate,  when  pulverized  and  ex- 
posed to  the  action  of  muriatic  acid,  Dr.  Wollaston  has 
pointed  out  an  easy  method  of  detecting  alkalis.  Expose  the 
gelatinous  mass  in  a  watch  glass  to  a  temperature  not  exceed-* 
ing  that  of  boiling  water,  until  perfectly  dry.  In  this  state,  if 
potassa  or  soda  be  present,  small  cubic  crystals  are  generally 
discoverable  with  the  assistance  of  a  lens.  In  this  way.  Dr. 
Clarke  was  enabled  to  discover  potassa  in  Gehlenite.  (Ann. 
of  Phil.  xiv.  450.) 

.  X.  Soda  may  be  detected  in  a  mineral  by  the  following  ex- 
periments : — Let  the  powdered  stone  be  treated  with  sulphuric 
acid,  as  in  (U) ;  wash  off  the  solution,  and  add  pure  ammonia, 
till  the  precipitation  ceases;  then  filter, evaporate  the  solution 
to  dryness,  and  raise  the  heat  so  as  to  expel  the  sulphate  of 
ammonia.  The  sulphate  of  soda  will  remain,  and  may  be 
known  by  its  appropriate  characters. 

Soda  was  first  found,  by  Klaproth,  in  chrysolite,  in  the  large 
proportion  of  S6  per  cent.  This  analysis  was  confirmed  by 
Vauquelin,  whose  mode  of  separating  soda  is  the  one  which  I 
now  recommend.  Both  the  fixed  alkalis  have  since  been 
frequently  discovered  in  native  minerals;  m.  soda  in  basalt 
(Klaproth,  ii,  195);  in  pitch-stone  (207);  and  in  kling-stone, 
amounting  to  8  per  cent.  (182).  The  same  skilful  analyst  has 
foinid  potassa  in  Hungarian  pearl-stone  (263) ;  and,  accom- 
panied by  soda,  in  pumice  (20). 

A  method  has  been  proposed  by  Sir  H.  Davy,*  for  ana- 
lyzing stones,  containing  either  of  the  fixed  alkalis,  by  means 
of  the  boracic  acid.  The  process  is  sufficiently  simple.  One  hun- 

4  —  -    ■        -  .  .        ^ 

*  Philosophical  Transactions,  1805;  or  Nicholson's  Journal,  liii.  8a. 
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dred  grains  of  the  stone  to  be  examined  must  be  fused,  during 
hair  an  hour,  at  a  strong  red  heat,  wiih  200  grains  of  boracic 
acid.  An  ounce  and  a  half  of  n«tric  acid,  diluted  with  seven 
or  eight  parts  of  water,  must  be  digested  qji  the  mass,  till  the 
whole  has  been  decomposed.  The  fluid  must  be  evaporated, 
till  its  quantity  is  reduced  to  an  ounce  and  half,  or  two  ounces* 

If  the  stone  contain  silica,  this  earth  will  be  separated  by 
the  processes  of  solution  and  evaporation.  It  must  be  collected 
on  a  filter,  and  washed  well  with  water,  till  the  boracic  acid, 
and  all  the  saline  matter,  are  separated.  The  fluid,  and  all 
ili^t  has  passed  through  the  filter,  must  be  evaporated  to  about 
half  a  pint;  then  saturated  with  carbonate  of  ammonia  ;  and 
boiled  with  an  excess  of  that  salt,  till  all  the  materials  that  it 
contains,  capable  of  being  precipitated,  have  fallen  to  the 
bottom  of  the  vessel.  The  solution  must  then  be  passed 
through  a  filter,  which  retains  the  earths  and  metullic  oxides. 
It  must  then  be  mixed  with  nitric  acid,  till  it  tastes  strongly 
sour,  and  evaporated  till  the  boracic  acid  appears  free.  The 
fluid  must  next  be  evaporated  to  dryness ;  when  by  exposure 
to  a  heat  of  450°  Fahrenheit,  the  nitrate  of  ammonia  will  be 
decomposed,  and  the  nitrate  of  potassa  or  soda  will  remain  in 
the  vessel. 

The  remaining  earths  and  metallic  oxides  are  separated  from 
each  other  by  common  processes ;  viz.  alumina  by  solution  of 
potassa ;  lime  by  sulphuric  acid  ;  oxide  of  iron  by  succinate  cf 
ammonia ;  oxide  of  manganese  by  hydro-sulphuret  of  potassa ; 
and  magnesia  by  pure  soda. 

Berard  has  found  that  nitrate  of  lead  may  be  advantageously 
employed  in  the  analysis  of  stones  that  contain  silicated  alkali. 
One  part  of  the  stone  very  finely  powdered  is  to  be  intimately 
mixed  with  two  parte  of  finely  powdered  nitrate,  and  one  of  car- 
bonate, of  lead.  The  whole  is  to  be  put  into  a  platina  crucible, 
which  is  to  be  placed  in  another  crucible  and  covered  with  a  lic^. 
A  red  heat  is  to  be  applied  for  a  quarter  of  an  hour.  The  fusion 
takes  place  without  effervescence,  and  a  yellowish  or  brownish 
mass  is  found  in  fusion  on  removing  the  cover.  This  is  to  be 
poured  into  water,  the  coldness  of  which  causes  it  to  split  into 
small  fragments  that  are  easily  attacked  by  acids,  of  wliich 

2  N  2 
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nitric  acid  is  the  one  best  adapted  to  the  purpose.  With  this 
acid,  it  is  to  be  boiled,  and  occasionally  stirred  and  broken 
down.  The  silex  remains  in  a  viscid  state.  The  oxide  of 
lead  is  precipitated  by  sulphuric  acid,  added  till  water  sata« 
rated  with  sulphureted  hydrogen  causes  no  change.  The 
liquid  is  boiled  with  carbonate  of  ammonia,  and  the  precipitate 
thus  formed  analyzed  by  common  methods.  Lastly,  the  liquid 
is  evaporated  to  dryness;  the  salts  calcined  in  a  platinum 
crucible ;  and  the  residuum  collected  and  weighed.  This  re- 
sidue contains  the  alkali  originally  present  in  the  mineral  in 
the  state  of  a  sulphate,  and  almost  always  sulphate  of  mag* 
nesia.  It  may  be  analyzed  by  processes  that  have  been  already 
described,  or  by  others  contrived  by  Berthier,  and  detailed  in 
his  paper.  (Ann.  de  Chim.  et  de  Phys.  xviL  28 ;  or  Quarterly 
Journal,  xii.  169.) 

Talle  of  Subslances  which  may  be  expected  in  Earths  and 
Stones,  and  References  to  the  Means  of  separating  them  from 
each  other. 

Acidy  fluoric,  R.  d. 

phosphoric,  R.  c. 
sulphuric,  R.  h. 
Alumina  from  lime  and  magnesia,  £• 
itfr  quantity,  £.  c. 
from  magnesia,  O. 
silica,  H.  a. 
metallic  oxides,  H.  a. 
glucina,  T. 
Baryta  and  strontia  from  other  earths,  B# 
from  strontia,  C. 
,  Chromium  from  manganese,  &a  S.  c. 
iron  and  nickel,  S.  e. 
Earths  from  oxides,  D. 
Glucina  from  alumina,  T. 
Iron  from  manganese,  S.  e. 
nickel,  S./. 
.  Lime' from  magnesia^  F. 
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Lime  from  alumina,  E.  b, 

its  quantity,  F, 
Magnesia  from  lime,  F. 

alumina,  G. 
manganese,  S.  d. 
its  quantity,  F. 
Manganese^  indications  of,  M« 

from  iron,  chrome,  and  nickel,  S.  c. 
magnesia,  S.  (2. 
Nickel  from  manganese,  S.  e. 

iron,  S./»  from  copper,  S.  g.  from  coball^  S.  /i. 
Oxidesy  metallic,  from  earths,  D. 
Poiassa  from  earths  and  oxides,  W. 
Silica  from  alumina,  H.  a, 

earths  in  general,  O.  c. 
oxides,  H.  b. 
Soda  from  earths  and  oxides,  X. 
SirmliOf  sec  Baryta. 
YUria  from  alumina,  &c.  V. 
Zirconia  from  alumina,  &c.  U. 

Art.  4. — Analysis  of  Inflammable  Fossils. 

The  exact  analysis  of  inflammable  fossils  is  seldom  neces- 
sary in  directing  the  most  beneficial  application  of  them.  It 
may  be  proper,  however,  to  oiler  a  few  general  rules  forjudg- 
ing of  their  purity. 

I. — Sulphur. 

Sulphur  should  be  entirely  volatilized  by  distillation  in 
a  glass  retort.  If  any  thing  remain  fixed,  it  must  be  con- 
sidered as  an  impurity,  and  may  be  examined  by  the  preced- 
ing rules. 

Sulphur,  also,  should  be  totally  dissolved  by  boiling  with 
solution  of  pure  potassa,  and  may  be  separated  from  its  im- 
purities by  this  alkali. 

Impure  sulphur,  consumed  by  burning  in  a  small  cruciblcj 
leaves  a  residiie  of  oxide  of  iron  and  silica^ 
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IL — Coals. 

1 .  The  proportion  of  bituminous  matter  in  coal  may  be  learnt 
by  distillation,  in  an  earthen  retort,  and  collecting  their  products. 

2.  The  proportion  of  earthy  or  metallic  ingredients  may 
be  found,  by  burning  the  coat  with  access  of  air,  on  a  red-hot 
iron.  What  remains  unconsumed  must  be  considered  as  an 
impurity,  and  may  be  analyzed  by  the  foregoing  rules. 

3.  The  proportion  of  carbon  may  be  ascertained  by  ob* 
serving  the  quantity  of  nitrate  of  potassa,  which  a  given  weight 
of  the  coal  is  capable  of  decomposing.  For  this  purpose,  let 
500  grains,  or  more,  of  perfectly  pure  nitre  be  melted  in  a 
crucible,  and,  when  red-hot,  let  the  coal  to  be  examined,  re- 
duced to  a  coarse  powder,  be  projected  on  the  nitre,  by  small 
portions  at  once,  not  exceeding  one  or  two  grains.  Imme- 
diately, when  the  flame,  occasioned  by  one  projection,  has 
ceased,  let  another  be  made,  and  so  on  till  the  effect  ceases. 
The  proportion  of  carbon  in  the  coal  is  directly  proportionate 
to  the  quantity  required  to  alkalize  the  nitre.  Thus,  since 
12.709  of  carbon  are  required  to  alkalize  100  of  nitre,  it  will 
be  easy  to  deduce  the  quantity  of  carbon,  in  a  given  weight  of 
coal,  from  the  quantity  of  nitre  which  it  is  capable  of  decom- 
posing. This  method,  however,  is  liable  to  several  objections, 
which  its  inventor,  Mr.  Kirwan,  seems  fully  aware  of.* 

4.  The  most  accurate  mode  of  analyzing  the  different  va- 
rietiies  of  coal  is  by  peroxide  of  copper,  in  the  manner  de- 
scribed page  166;  examples  of  this  kind  of  analysis  may  be 
consulted  in  Dr.  Thomson's  Memoir  in  the  16th  volume  of 
Annals  of  Philosophy  •' 

PlumbdgOy  or  black-lead^  is  another  inflammable  substance, 
which  it  may  sometimes  be  highly  useful  to  be  able  to  identify, 
arid  to  judge  of  its  purity. — When  projected  on  red-hot  nitre, 
it  should  detonate ;  and,  on  dissolving  the  decomposed  nitre, 
an  oxide  of  iron  should  remain,  amounting  to  one-tenth  the 
weight  of  the  plumbago.  Any  mineral,  therefore,  that 
answers  to  these  characters,  and  leaves  a  shining  trace  on 
paper,  like  that  of  the  black-lead  pencils,  is  plumbago. 

*  See  his  Elements  of  Min^roloi^y,  vol.  ii.  p.  514.  * 
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Art.  5. — yJnalysis  of  Metallic  Ores. 

The  class  of  metals  comprehends  so  great  a  number  of 
individuals,  that  it  is  almost  impossible  to  offer  a  comprehen- 
sive formula.for  the  analysis  of  ores.  Ores  of  the  same  metal, 
also,  as  the  mineralizing  ingredients  vary,  require  very  dif- 
ferent treatment.  Yet  some  general  directions  are  absolutely 
necessary,  to  enable  the  chemist  to  judge  of  the  composition 
of  bodies  of  this  class. 

The  ores  of  metals  may  be  analyzed  in  two  modes, — in  the 
humid  and  the  dry  way.  The  first  is  effected  wiih  the  aid  of 
acids  and  of  other  liquid  agents,  and  may  often  be  accomplished 
by  persons  who  are  prevented  by  the  want  of  furnaces,  and 
other  necessary  apparatus,  from  attempting  the  second.  If 
sulphur,  however,  be  present  in  an  ore,  which  may  be  gene- 
rally known  by  its  external  characters,  as  described  by  miue- 
ralogical  writers,  it  impedes  the  action  of  acids :  it  should, 
therefore,  be  separated,  cither  by  roasting  the  ore  on  a  muffle, 
or  by  projecting  it,  mixe<l  with  twice  or  thrice  its  weight  of 
nitre,  into  a  re<l-hot  crucible,  washing  off^  the  alkali  after- 
guards by  hot  water. 

It  is  hardly  possible  to  employ  a  solvent,  capable  of  taking 
up  all  the  metals.  Thus,  the  nitric  acid  does  not  act  on  gold 
or  platinum ;  and  the  nitro-muriatic,  which  dissolves  these 
metals,  has  no  solvent  action  on  silver.  It  will  be  necessary, 
therefore,  to  vary  the  solvent  according  to  the  nature  of  the 
ore  under  examination. 

1.  For  ores  of  gold  and  platinum^  the  nitro-muriatic  acid  is 
the  most  proper  solvent.  A  given  weight  of  the  ore  may  be 
digested  with  this  acid,  as  long  as  it  extracts  any  thing.  The 
solution  may  be  evaporated  to  dryness,  in  order  to  expel  the 
excess  of  acid,  and  dissolved  in  water.  The  addition  of  a 
solution  of  muriate  of  tin  will  show  the  presence  of  gold  by 
a  pur[)ie  precipitate;  and  platinum  will  be  indicated  by  a  pre- 
cipitate, on  adding  a  solution  of  muriate  of  ammonia.  When 
gold  and  platinum  are  both  contained  in  the  same  solution, 
they  may  be  separated  from  each  other  by  the  last^mentioned 
solution,  which  throws  down  the  platinum,  but  not  the  gold. 
In  (his  way  platinum  may  be  detached,  also,  from  otheripetals* 
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When  gold  is  contained  in  a  solution,  along  with  several 
other  metals,  it  may  be  separated  from  most  of  them  by  adding 
a  dilute  solution  of  sulphate  of  iron.  The  only  metals,  which 
this  salt  precipitates,  are  gold,  palladium,  silver,  and  mer* 
cury.* 

2.  For  extracting  silver  from  its  ores,  the  nitric  acid  is  the 
most  proper  solvent.  Nitric  acid,  however,  does  not  act  oa 
horn-silver  ore,  containing  chloride  of  silver,  which  must  be 
decomposed  by  carbonate  of  soda.  Carbonate  of  silver  is  thus 
formed,  which  readily  dissolves  in  nitric  acid.  The  silver  may 
be  precipitated  from  nitric  acid  -  by  solution  of  common  salt. 
Every  100  parts  of  the  precipitate,  washed,  dried,  and  ignired, 
contain  75.5  of  silver.  But,  as  lead  may  be  present  in  the 
solution,  and  this  metal  is  also  precipitateil  by  common  salt, 
it  may  be  proper  to  immerse  in  the  solution  (which  should 
not  have  any  excess  of  acid)  a  polished  plate  of  copper.  This 
will  precipitate  the  silver,  if  present,  in  a  metallic  form.  The 
chloride  of  silver  is  also  soluble  in  liquid  ammonia,  which  that 
of  lead  is  not.  For  examples  of  the  analysis  of  silver  ores,  tlio 
reader  may  consult  Klaprotb,  vol.  i.  page  55^,  &c. 

3.  Copper  ores  may  be  analyzed  by  boiling  them  with  five 
times  their  weight  of  concentrated  sulphuric  acid,  mixed  with 
one  part  of  nitric  acid,  till  a  dry  mass  is  obtained,  from  which 
water  will  extract  tlie  sulphate  of  copper.  This  salt  is  to  be 
decomposed  by  a  polished  plate  of  iron,  immersed  in  a  dilute 
solution  of  it.  The  copper  will  be  precipitated  in  a  metallic 
state,  and  may  be  scraped  o£Pand  weighed. 

If  silver  be  suspected  along  with  copper,  nitric  acid  only 
must  be  employed  as  the  solvent ;  and  a  plate  of  polished 
copper  will  detect  the  silver. 

The  reader,  who  engages  in  the  analysis  of  copper  ores, 
will  derive  much  advantage  from  the  examples  to  be  found  in 
Klaproth's  Essays,  vol.  i.  pages  54,  541,  &c. ;  and  also  from 
Mr.  Chenevix's  paper  on  the  analysis  of  arseniates  of  c<^per 
and  iron,  Philosophical  Transacticms,  1801,  or  Nicholson's 

•  Consult  Dr.  Bright**  account  of  the  processes  followed  at  the  goM  and 
silver  mines  in  Hungary,  in  lusTri^vels  through  Hungary,  &c.;  or  in  tho 
PhUosofihical  Magasiae,  lit.  Q. 
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Journal,  8vo.  vol.  i.;  from  Vauquelin's  remarks  in  Thomson's 
Annals,  iv.  157;  and  from  Mr.  R.  Phillips's  Essays  in  the 
Quarterly  Journal,  iv.  274,  and  vii.  100,  and  in  the  Annals  of 
Philosophy,  N.  S.  iii.  81,  296. 

4.  Iron  ores  may  be  dissolved  in  diluted  muriatic  acid,  or, 
if  the  metal  be  too  highly  oxidized  to  be  dissolved  by  this  acid, 
they  must  be  previously  mixed  with  one*eighth  of  their  weight 
of  powdered  charcoal,  and  calcined  in  a  crucible  for  one  hour. 
The  iron  is  thus  rendered  soluble. 

The  solution  must  then  be  diluted  with  10  or  12  times  its 
quantity  of  water,  previously  well  boiIe<I,  to  expel  the  air,  and 
must  be  preserved  in  a  well-stopped  glass  bottle  for  six  or 
eight  days.  The  phosphate  of  iron  will,  within  that  time,  be 
precipitated,  if  any  be  present,  and  the  liquor  must  bo  de- 
canted oiT. 

The  solution  may  contain  the  oxides  of  iron,  manganese, 
and  zinc.  It  may  be  precipitated  by  carbonate  of  soda,  which 
will  separate  th^m  all.  The  oxide  of  zinc  will  be  taken  up 
by  a  solution  of  pure  ammonia ;  distilled  vinegar  will  take  up 
the  manganese,  and  will  leave  the  oxide  of  iron  :  or  the  two 
last  oxides  may  be  separated  as  directed  page  540.  From 
the  weight  of  the  oxide  of  iron,  after  ignition,  during  a  quar* 
ter  of  an  hour,  28  per  cenL  may  be  deducted.  The  i-emain- 
der  shows  the  quantity  of  metallic  iron. 

5.  Tin  ores.  To  that  accomplished  analyst,  Kiaproth,  we 
owe  the  discovery  of  a  simple  and  effectual  mode  of  analyzing 
tin  ores  in  the  humid  way. 

Boil  100  grains,  in  a  silver  vessel,  with  a  solution  of  600 
grains  of  pure  potassa.  Evaporate  to  dryness,  and  then  ignite^ 
moderately,  for  half  an  hour.  Add  boiling  water,  and,  if  any 
portion  remain  undissolved,  let  it  undergo  a  similar  treatment. 

Saturate  the  alkaline  solution  with  muriatic  acid,  which  will 
throw  down  an  oxide  of  tin.  Let  this  be  re-dissolved  by  an 
excess  of  muriatic  acid ;  again  precipitated  by  carbonate  of 
soda ;  and,  being  dried  and  weighed,  let  it,  after  lixiviation, 
be  once  more  dissolved  in  muriatic  acid.  The  insoluble  part 
consists  of  silica.  Into  the  colourless  solution,  diluted  with 
two  or  three  parts  of  water,  put  a  stick  of  zinc,  round  which 
^he  reduced  tin  will  collect.    Scrape  off  the  deposit,  wash, 
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dry,  and  fuse  it  under  a  cover  of  tallow  in  a  capsule  placed  on 
charcoal.  A  button  of  pure  metallic  tin  will  remain  at  the 
bottom,  the  weight  of  which,  deducted  from  that  of  the  ore, 
indicates  the  proportion  of  oxygen. 

The  presence  of  tin  in  an  ore  is  indicated  by  a  purple  pre- 
cipitate, on  mixing  its  solution  in  muriatic  acid  with  one  of 
gold  in  nitro-muriatic  acid. 

6.  Lead  ores  may  be  analyzed  by  solution  in  nitric  acid, 
diluted  with  an  equal  weight  of  water.  The  sulphur,  if  any, 
will  remain  undissolved.  Let  the  solution  be  precipitated  by 
carbonate  of  soda.  If  any  silver  be  present,  it  will  be  taken 
up  by  pure  liquid  ammonia.  Wash  off*  the  excess  of  am- 
monia by  distilled  water ;  and  add  concentrated  sulphuric 
acid,  applying  heat,  so  that  the  muriatic  acid  may  be  wholly 
expelled.  Weigh  the  calcined  sulphate  of  lead^  and  for  every 
100  parts,  68  may  be  considered  as  lead. 

Chloride  of  lead  may  be  separated  from  chloride  of  silver 
by  its  greater  solubility  in  warm  water.  From  the  solution, 
iron  may  be  separated  by  prussiate  of  potassa,  and  the  solution 
decomposed  by  sulphuric  acid.  (Sec  Vauquelin's  Analysis  of 
Oalcna,  Journ.  des  Minos,  No.  68 ;  Klaproth's  Analyses  of  Sul- 
phate and  Phosphate  of  Lead ;  Chcnevix's  Analysis  of  Native 
Muriate  of  Lead,  Nicholson's  Journal,  4to.  vol.  iv. ;  Hatchett 
on  Boumonite  (an  ore  of  lead,  antimony,  and  copper),  Phil. 
Trans.  1804 ;  and  Smithson  on  ditto,  Phil.  Trans,  1808,  and 
Annals  of  Phil.  xiv.  96.) 

7.  Meraary  may  be  detected  in  ores  that  are  supposed  to 
contain  it,  by  distillation  in  an  earthen  retort  with  half  their 
weight  of  iron  filings  or  dry  lime.  The  mercuiy,  if  any  be 
present,  will  rise  and  be  condensed  in  the  receiver.  See  Kla- 
prolh's  Analytical  Essays. 

8.  Ores  of  zinc  may  be  digested  with  the  nitric  acid,  and 
the  part  that  is  dissolved  boiled  to  dryness,  again  dissolved 
in  the  acid,  and  again  evaporated.  By  this  means  the  iron, 
if  any  be  present,  will  be  rendered  insoluble  in  dilute  nitric 
acid,  which  will  take  up  the  oxide  of  zinc.  To  this  solution 
add  pure  liquid  ammonia,  in  excess,  which  will  separate  the 
lead  and  iron,  if  any  should  have  been  dissolved,  and  the  ex- 
cess of  alkali  will  retain  the  oxide  of  zinc.    This  may  be  pre- 
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cipitated  by  the  addition  of  an  acid,  or  by  the  evaporation  of 
the  solvent.  Silica,  also,  is  an  abundant  ingredient  of  some 
zinc  ores.  For  examples  of  analyses  of  ores  of  zinc,  see 
Smithson's  Analyses  of  Calamine,  Phil.  Trans.  1805;  Dr. 
Thomson's  Analysis  of  Blende,  Ann.  of  Phil.  iv.  94;  Berthier 
in  Silliman's  American  Journal,  ii.  319;  and  Cooper  in  Quar* 
terly  Journal,  ix.  191. 

9.  jinlimonial  ores*  Dissolve  a  given  weight,  in  three  or 
four  parts  of  muriatic  and  one  of  nitric  acid.  This  will  take 
up  the  antimony,  and  leave  the  sulphur,  if  any.  On  dilution 
with  water,  .the  oxide  of  antimony  is  precipitated,  and  the 
iron  and  mercury  remain  dissolved.*  Lead  may  be  detected 
by  sulphuric  acid.  (See  Klaproth  on  the  Analysis  of  Anti* 
moniated  Silver  Ore,  vol.  i.  p.  560,  and  Hatchett  on  Bourno* 
nite,  Phil.  Trans.  1804  ) 

10.  Ores  of  arsenic' mny  be  digested  with  nitro-muriaticacid, 
composed  of  one  part' nitric,  and  one  and  a  half  or  two  of 
muriatic  acid.  Evaporate  the  solution  to  one-fourth,  and 
add  water,  which  will  precipitate  the  arsenic.  The  iron  may 
afterwards  be  separated  by  ammonia.  (Sec  Chenevix,  Phi- 
losophical Transactions,  1801,  page  215.) 

11.  Ores  of  bismuth  are  also  assayed  by  digestion  in  nitric 
acid  moderately  diluted.  The  addition  of  water  precipitates 
the  oxide,  but,  if  not  wholly  separated  at  first,  evaporate  the 
solution ;  after  which,  a  further  addition  of.  water  will  preci- 
pitate the  remainder.  (See  Analysis  of  an  Ore  of  Bismuth 
and  Silver,  in  Klaproth,  vol.  i.  page  55^ ;  Mode  of  detecting 
a  small  Quantity  of  Silver  in  Bismuth,  Do.  page  1^20.  c.) 

12.  Ores  of  cobalt  may  be  dissolved  in  nitro-muriatic  acid. 
Then  add  carbonate  of  potassa,  which  at  first  separates  iron 
and  arsenic.  Filter,  and  add  a  farther  quantity  of  the  carbo- 
nate, when  a  greyish  red  precipitate  will  fall  down,  which  is 
oxide  of  cobalt.  The  iron  and  arsenic  may  be  separated  by 
heat,  which  volatilizes  the  arsenic.  Cobalt  is  also  ascertained, 
if  the  solution  of  an  ore  in  muriatic  acid  gave  a  sympathetic 
ink.  (See-chap.  ix.  sect.  27« — An  example  of  the  analysis  of 
an  ore  of  cobalt  may  be  seen  in  Klaproth.  vol.  i.  page  55^  \ 
and  of  sulphate  of  cobalt,  Do.  page  579.) 

13*  Ores  of  nickel.     Dissolve  them  in  nitric  acid^  and  add 
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to  the  solution  pure  ammonia,  in  such  proportion  thai  the 
alkali  may  be  considerably  in  excess.  This*  will  precipitate  most 
other  metals,  and  will  retain  the  oxide  of  nickel  in  solution, 
which  may  be  obtained  by  evaporation  to  dryness,  and  heating 
the  dry  mass  till  the  nitrate  of  ammonia  has  sublimed.  (See 
Berzelius  on  the  Methods  of  analyzing  Ores  of  Nickel,  Ann. 
of  Phil.  N.S.  iii.  206.) 

l-l.  Ores  of  manganese.  The  earths,  and  several  of  the 
metals,  contained  in  these  ores,  may  first  be  separated  by 
diluted  nitric  acid,  which  does  not  act  on  highly  oxidized 
manganese.  The  ore  may  afterward  be  digested  with  strong 
muriatic  acid,  which  will'  take  up  the  oxide  of  manganese. 
Chlorine  gas  will  arise,  if  a  gentle  heat  be  applied,  and  may 
be  known  by  its  peculiar  smell,  and  by  its  discharging  the 
colour  of  wet  litmus  paper  exposed  to  the  fumes.  From  ma« 
riatic  acid  the  manganese  is  precipitated  by  carbonate  of  soda, 
in  the  form  of  a  white  carbonate,  which  becomes  black  peroxide 
when  heated  in  a  crucible.  Ores,  suspected  to  contain  manga- 
nese,  may  also  be  distilled  per  se,  or  with  sulphuric  acid,  when 
oxygen  gas  will  be  obtained.  Oxide  of  manganese  may  be  se- 
parated from  oxide  of  iron  by  solution  of  pure  potassa,  which 
takes  up  the  former  but  not  the  latter.  (See  the  analysis  of 
an  ore  of  manganese,  via  kumidaf  in  Klaproth,  vol.  i.  p.  510; 
and  of  a  cobaltic  ore  of  manganese,  page  569.) 

Ores  of  manganese  may  also  be  distinguished  by  the  colour 
they  impart  to  borax,  when  exposed  together  to  the  blow- 
pipe.* 

15.  Ores  of  uranmm.  These  may  be  dissolved  in  dilute 
nitric  acid,  which  takes  up  the  uranitic  oxide,  and  leaves  that 
of  iron ;  or  in  dilute  sulphuric  acid,  which  makes  the  same 
election ;  or,  if  any  iron  has  got  into  the  solution,  it  may  be 
precipitated  by  zinc.  Then  add  caustic  potassa,  which  throws 
down  the  oxide  of  zinc  and  uranium.  Tlie  former  may  be 
separated  by  digestion  in  pure  ammonia,  which  leaves,  un- 
dissolved, the  oxide  of  uranium.  This,  when  dissolved  by 
dilute  sulphuric  acid,  affords,  on  evaporation,  crystals  of  a 
lemon  yellow  colour. 

*  See  cbap.  is.  sect.  14;  and  also  Thomson's  Annals,  iii.  31?, 
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If  copper  be  present,  it  will  be  dissolved,  along  with  the 
zinc,  by  the  ammonia.  If  lead,  it  will  form,  with  sulphuric 
acid,  a  salt  much  less  soluble  than  the  sulphate  of  uranium, 
and  which,  on  evaporation,  will  therefore  separate  first.  (See 
Gregor  in  Annals  of  Philos.  v.  281;  Herschell,  same  work, 
N.  S.  iii.  99 ;  and  Phillips,  Do.  v.  57.) 

16.  Ores  of  tungsten*  For  these  the  most  proper  treatment 
seems  to  be  digestion  in  nitro-muriatic  acid,  which  takes  up 
the  earths  and  other  metals.  The  tungsten  remains  in  the  form 
of  a  yellow  oxide,  distinguishable,  by  its  becoming  white  on 
the  addition  of  liquid  ammonia,  from  the  oxide  of  uranium. 
To  reduce  this  oxide  to  tungsten,  mix  it  with  an  equal  weight 
of  dried  blood,  heat  the  mixture  to  redness,  press  it  into 
another  crucible,  which  should  be  nearly  full,  and  apply  a 
violent  heat  for  an  hour  at  least.  (See  Klaproth's  Analytical 
Essays;  D'Elhuyar  Mem.  de  I'Acad.  de  Toulouse,  ii. ;  and 
Vauquelin,  Journ.  des  Mines,  No.  XIX.) 

!?•  Ores  of  molybdenum.  Repeated  distillation  to  dryness, 
with  nitric  acid,  converts  the  oxide  into  an  acid,  which  is  in* 
soluble  in  nitric  acid,  and  may  thus  be  separated  from  other 
metals,  except  iron,  from  which  it  may  be  dissolved  by  sul- 
phuric or  muriatic  acids.  The  solution  in  sulphuric  acid  is 
blue,  when  cold,  but  colourless,  when  heated,  lliat  in  mu- 
riatic acid  is  only  blue^  when  the  acid  is  heated  and  con- 
centrated. ^ 

Respecting  the  ores  of  the  remaining  metals,  suiScient  in* 
formation  has  been  already  given  for  tjie  purposes  of  the  ge- 
neral student,  and  they  are  of  such  rare  occurrence,  that  it  is 
unnecessary  to  describe  them  more  in  detail.  It  may  be  pro- 
per, however,  to  state  where  the  best  examples  of  the  analysis 
of  each  may  be  found. 

18.  Ores  of  titanium.    Consult  Gregor,  in  Journ.  de  Phy 
sique,  xxxix.  72,  152 ;  Klaproth,  i.  496 ;  and  Chenevix,  Ni- 
cholson's Journal,  v.  132. 

19.  Ores  of  tellurium.    See  Klaproth,  ii.  1. 

20.  Ores  of  chromium.    Vauquelin,  Ann.  de  Chim.  xxv. 

*  See  Uatchett's  Aiiftlysis  of  the  Carinthian  Molybdate  of  Lead,  Philo 
sophical  TraDsacttoiu,  1790 ;  and  Klaproth,  vol.  i.  pages  634, 588. 
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21.  Ores  of  columliunu  Hatchett,  Phil.  Trans.  1802;  Ann. 
de  Cbimic,  xliii.  276. 

22.  Ore$  of  palladium  and  rhodium.  Wollaston,  Phil. 
Trans.  1805 ;  Baruel,  Quar.  Journ.  xii. 

23.  Ores  of  iridium  and  osmium,  Tennant,  Phil.  Trans. 
1804;  Baruci,  Quar.  Journ.  xii.  247. 

24.  Ores  of  cerium.  Hisenger  and  Berzelius,  and  Vauquelin, 
Nicholson's  Journ.  8vo.  xii. 

Art.  6. — Analyns  of  Ores  in  the  dry  way. 

To  analyze  ores  in  the  dry  way,  a  method  which  affords  the 
most  satisfactory  evidence  of  their  composition,  and  should 
always  precede  the  working  of  large  and  extensive  mines,  a 
more  complicated  apparatus  is  required. — An  assaying  fur 
nace,  with  muflles,  crucibles,  &c.,  is  absolutely  necessary. 
These  have  already  been  enumerated  in  the  chapter  on  Appa- 
ratus, and  will  be  found  described  in  the  Explanation  of  the 
Plates.  Much  useful  information  respecting  the  composition 
of  minerals  may,  also,  be  gained  from  experiments  with  the 
blow-pipe.  Ample  directions  for  assays  of  this  kind  are  given 
in  a  Memoir  by  Haussman,  in  the  43d  volume  of  the  Philo-> 
sophical  Magazine;  by  Gnhn  in  the  11  th  vol.  of  Dr.  Thomp- 
son's Annals,  p.  40 ;  and  by  Bci*zelius,  in  a  work  expressly 
devoted  to  the  purpose,  which  has  been  lately  translated,  and 
published  with  valuable  additions,  by  Mr.  Children  (1  vol. 
8vo.  London,  1 822).  To  this  work  I  refer  the  reader  for  a 
variety  of  details  which  require  attention  in  metallurgic  expe- 
riments with  the  blow-pipe.  In  the  Appendix,  a  table  will  be 
found,  exhibiting  the  ap|iearances  of  the  different  earths  and 
metallic  oxides  under  that  instrument. 

The  reduction  of  an  ore  requires,  frequently,  previous 
roasting,  to  expel  the  sulphur  and  other  volatile  ingredients: 
or  this  may  be  effected,  by  mixing  the  powdered  ore  with 
nitre,,  and  projecting  the  mixture  into  a  crucible*  The  sul« 
phate  of  potassa^  thus  formed,  may  be  washed  off,  and  the 
oxide  must  be  reserved  for  subsequent  experiments. 

As  many  of  the  metals  retain  their  oxygen  so  forcibly,  that 
the  application  of  heat  is  incapable  of  expelling  !(»  the  ad- 
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dition  of  inflammable  matter  becomes  expedient.  And^  to 
enable  the  reduced  particles  of  metal  to  agglutinate  and  form 
a  collected  mass,  instead  of  scattered  grains,  which  would 
otherwise  happen,  some  fusible  ingredient  must  be  added, 
through  which,  when  in  fusion,  the  reduced  metal  may  de- 
scend, and  be  collected  at  the  bottom  of  the  crucible.  Sub- 
stances that  answer  both  these  purposes  are  called  fluxes. 
The  alkaline  and  earthy  part  of  fluxes  serve  also  another  end, 
viz.  that  of  combining  with  any  acid  which  may  be  attached  to 
a  metal,  and  which  would  prevent  its  reduction  if  not  separated. 

The  ores  of  diflerent  metals,  and  different  ores  of  the  same 
metal,  require  diflerent  fluxes.  To  ofler  rules,  however,  for 
each  individual  case,  would  occupy  too  much  room  in  this 
work :  I  shall,  therefore,  only  state  a  few  of  those  fluxes  that 
are  most  generally  applicable. 

The  black  flux  is  formed,  by  setting  fire  to  a  mixture  of  one 
part  of  nitrate  of  potassa,  and  two  of  bi^tartrate  of  potassa ; 
which  afibrds  an  intimate  mixture  of  sub-carbonate  of  potassa 
with  a  fine  light  coal.  IVhileflux  is  obtained  by  projecting 
into  a  red-hot  crucible  equal  parts  of  the  same  salts.  Two 
parts  of  common  salt,  previously  dried  in  a  crucible,  one  pait 
of  dry  and  powdered  lime,  one  part  of  fluate  of  lime,  and  half 
a  part  of  charcoal;  or  400  parts  of  calcined  borax,  40  of  lime, 
and  50  of  charcoal ;  or,  two  parts  of  pounded  and  finely  siiled 
glass,  one  of  borax,  and  half  a  part  of  charcoal,  are  all  well 
adapted  to  the  purpose  of  fluxes.  The  ore,  after  being  roasted, 
if  necessary,  is  to  be  well  mixed  with  three  or  four  times  its 
weight  of  the  flux,  and  put  into  a  crucible,  with  a  little  pow- 
dered charcoal  over  the  surface.  A  cover  must  be  luted  on, 
and  the  crucible  exposed  to  the  necessary  heat  in  a  wind-fur- 
nace. Ores  of  iron  being  difficultly  reduced,  require  a  very 
intense  fire.  Those  of  silver  and  lead  are  metallized  by  a 
lower  heat  The  metal  is  found  at  the  bottom  of  the  crucible, 
in  the  form  of  a  round  button. 

The  volatile  metals,  as  mercury,  zinc,  arsenic,  tellurium, 
and  osmium,  it  is  obvious,  ought  not  to  be  treated  in  the  above 
manner,  and  require  to  be  distilled  with  inflammable  matters 
in  an  earthen  retort. 

For  minute  instructions  respecting  the  analysis  of  every 
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species  of  ore^  both  in  the  hnmid  and  dry  ways,  I  refer  to  the 
second  volume  of  Mr.  Kirwan's  Mineralogy,  and  to  a  Treatise 
on  the  General  Principles  of  Chemical  Analysis,  translated 
from  the  French  of  Thenard,  by  Mr.  Children.  Varioas  ex- 
cellent examples,  which  may  be  stodied  with  great  advantage^ 
may  be  found  in  the  essays  of  Vauquelin,  dispersed  through 
the  Annales  de  Chimie;  in  those  of  Mr.  Hatchett  and  Mr. 
Chenevix,  m  the  Philosophical  Transactions;  of  Dr.  Kennedy, 
in  Nicholson's  Journal;  and  of  Mr.  Klaproth,  in  the  work 
already  frequently  referred  to.  It  is  only,  indeed,  by  an  atten- 
tion to  these,  and  to  more  recent  models  of  chemical  skill  and 
accuracy  to  be  found  in  the  various  philosophical  journals, 
conjoined  with  the  practical  imitation  of  them^  that  facility  or 
certainty  in  the  art  of  analyzing  minerals  can  be  acquired ; 
and  though  general  rules  are,  in  this  instance,  of  considerable 
utility,  it  is  impossible  to  frame  any  that  can  be  adapted  to  the 
infinite  variety  which  nature  presents  in  the  productions  of  the 
mineral  kingdom. 
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CHAPTER  XV. 

APPLICATION  OF  CHEMICAL  TESTS  AND  RE-AGENTS  TO  VARIOUS 
USEFUL  PURPOSES. 


SECTION  I. 

Method  of  Detecting  Poisons. 

When  sudden  death  is  suspected  to  have  been  occasioned 
by  the  administration  of  poison,  either  wilfully  or  by  acci- 
dent, the  testimony  of  the  physician  is  occasionally  required 
to  confirm  or  invalidate  this  suspicion.  He  may  ako  be, 
sometimes  called  upon  to  ascertain  the  cause  of  the  noxious 
effects  arising  from  the  presence  of  poisonous  substances  in 
articles  of  diet;  and  it  may  therefore  serve  an  important  pur-, 
pose,  to  point  out  concisely  the  simplest  and  most  practicable 
modes  of  obtaining,  by  experimentj  the  necessary  informa** 
tion. 

The  only  poisons,  however,  that  can  be  clearly  and  de« 
cisively  detected  by  chemical  means,  are  those  of  the  mineral 
kingdom.  Arsenic,  and  corrosive  sublimate,*  are  most  likely> 
to  be  exhibited  with  the  view  of  producing  death ;  and  lead 
and  copper  may  be  introduced  undesignedly,  in  several  waysi 
into  our  food  and  drink.  The  continued  and  unsuspected 
operation  of  the  two  last  may  often  produce  effecU  less  sud- 
den and  violent,  but  not  less  baneful  to  health  and  life,  than 
the  more  active  poisons;  and  their  operation  generally  in- 
volves, in  the  pernicious  consequences,  a  greater  number  of 
sufferers. 

♦  I  use  the  term  arsenic,  instead  of  the  more  proper  one,  arsenious  acid; 
and  corrosive  sublimate,  for  bichloride  or  oxymoriate  of  mercury ;  because 
the  former  terms  ^re  inore  generally  understood. 

VOL.  II.  2  O 
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Aet,  I. — Method  (f  discovering  Arsenic. 

When  the  caase  or  sodden  death  is  believed,  from  the 
fymptoms  preceding  it,  to  be  the  administmtion  of  arsenic, 
the  contents  of  the  stomach  mast  be  attentively  examined. 
To  effect  this,  let  a  ligature  be  made  at  each  orifice  the 
stomach  removed  entirely  from  the  body,  and  its  whole  con- 
tents washed  out  into  an  earthen  or  glass  vessel.  The  arsenic, 
on  account  of  its  greater  specific  gravity,  will  settle  to  the 
bottom,  and  may  be  obtained  separate,  after  washing  off  tlie 
other  substances  by  repeated  affusions  of  cold  water.  These 
washings  should  not  be  thrown  away,  till  the  presence  of  arse- 
nic has  been  clearly  ascertained.  It  may  be  expected  at  the 
bottom  of  the  vessel  in  the  form  of  a  white  powder,  which 
must  be  carefully  collected,  dried  on  a  filter,  and  submitted 
to  experiment. 

(A)  Boil  a  small  portion  of  the  powder  with  a  few  ounces 
of  distilled  water,  in  a  clean  Florence  flask,  and  filter  the 
solution. 

(B)  To  this  solution  add  a  portion  of  water,  saturated 
with  sulphureted  hydrogen  gas.  If  arsenic  be  present,  a 
golden  yellow  sediment  will  fall  down,  which  will  appear 
sooner,  if  a  few  drops  of  acetic  acid  be  added. 

(C)  A  similar  effect  is  produced  by  the  addition  of  sul- 
phuret  of  ammonia,  or  hydro-sulphuret  of  potassa.* 

It  is  necessary,  however,  to  observe  that  these  tests  are  de- 
composed not  only  by  all  metallic  solutions,  but  by  the  mere 
addition  of  any  acid.  But  among  these  precipitates.  Dr. 
Bostock  assures  us,t  the  greatest  part  are  so  obviously  dif^ 
ferent  as  not  to  afford  a  probability  of  being  mistaken ;  the 
6nly  two^  which  bear  a  close  resemblance  to  it,  are  the  preci- 
pitate from  tartarized  antimony,  and  that  separated  by  an 
acid.  In  the  latter,  however,  the  sulphur  preserves  its  pe- 
culiar yellow  colour,  while  the  arsenic  presents  a  deep  shade 
of  orange;  but  no  obvious  circumstance  of  discrimination 
can  he  pointed  out  between  the  hydro-sulphurets  of  arsenic 

*  See  vol.  i.  page  370. 

t  Edinbui^h  Medical  and  Surgical  Joumal|  v.  160. 
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and  of  antimony.  Hence  Dr.  Bostock  concludes  that  sul- 
phureted  hydrogen  and  its  compounds  merit  our  confidence 
only  as  collateral  tests.  They  discover  arsenic  with  great 
delicacy :  sixty  grains  of  water,  to  which  one  grain  only  of 
liquid  sulpluiret  (hydrogureted  sulphuret  ?)  had  been  added, 
was  almost  instantly  rendered  completely  opaque  by  ^th  of  a 
grain  of  the  white  oxide  of  arsenic  in  solution. 

(D)  To  a  little  of  the  solution  (A)  add  a  single  drop  of  a 
weak  solution  of  subcarbonate  of  potassa,  and  afterward  a  few 
drops  of  a  solution  of  sulphate  of  copper.  Tiic  presence  of 
arsenic  will  be  manifested  by  a  yellowish  gi'een  precipitate. 
Or  boil  a  portion  of  the  suspected  powder  with  a  dilute  so- 
lution of  pure  potassa,  and  with  this  precipitate  the  sulphate 
of  copper,  when  a  similar  appearance  will  ensue  still  more 
remarkably,  if  arsenic  be  present.  The  colour  of  this  pre- 
cipitate is  perfectly  characteristic.  It  is  that  of  the  pigment 
called  Scheele's  green.*  To  identify  the  arsenic  with  still 
greater  certainty,  it  may  be  proper,  at  the  time  of  making 
the  experiments  on  a  suspected  substance,  to  perform  similar 
ones,  as  a  standard  of  comparison^  on  what  is  actually  known 
to  be  arsenic.  Let  the  colour,  therefore,  produced  by  adding 
an  alkaline  solution  of  the  substance  under  examination,  to  a 
solution  of  sulphate  of  copper,  be  compared  with  that  ob- 
tained by  a  similar  admixture  of  a  solution  of  copper  with 
one  of  real  arsenic  in  alkali. 

The  proportions,  in  which  the  different  ingredients  are  em- 
ployed. Dr.  Bostock  has  found  to  have  considerable  influence 
on  the  distinct  exhibition  of  the  effect.  Those,  which  he  has 
observed  to  answer  best,  were  one  of  arsenic,  three  of  potassa 
(probably  the  sub-cnrbonate  or  common  salt  of  tartar),  and 
iSvc  of  sulphate  of  copper.  For  instance,  a  solution  of  one 
grain  of  arsenic,  and  tln-ee  grains  of  potassa,  in  two  drachms 
of  water,  being  mingled  with  another  solution  of  five  grains  of 
sulphate  of  copper  in  the  same  quantity  of  water,  the  whole 
was  converted  into  a  beautiful  grass  green,  from  which  a  co- 
pious precipitate  of  the  same  hue  slowly  subsided,  leaving  the 
supernatant  liquor  transparent  and  nearly  colourless.     The 

*  See  clinp.  ix.  sect.  19. 
2o2 
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Bame  materials,  except  with  tlie  omission  of  tlie  arsenic^  being 
employed  in  the  same  manner,  a  delicate  sky-blue  resulted, 
so  different  from  the  former,  as  not  to  admit  of  the  possibUity 
of  mistake.  In  this  way,  -^^th  of  a  grain  of  arsenic,  diffused 
through  sixty  grains  of  water,  afforded,  by  the  addition  of 
sulphate  of  copper  and  potassa  in  proper  proportions,  a  dis- 
tinct precipitate  of  Scheelc's  green.  In  employing  this  test, 
it  is  necessary  to  view  the  fluid  by  reflected  and  not  by  trans- 
mitted light,  and  to  make  the  examination  by  day-light  To 
render  the  effect  more  apparent,  a  sheet  of  white  paper  may 
be  placed  behind  the  glass  in  which  the  mixed  fluids  are  con- 
tained ;  *  or  the  precipitation  may  be  eflfected  by  mixing  the 
fluids  on  a  piece  of  writing  paper. 

(E)  The  sediments,  produced  by  any  of  the  foregoing  ex- 
periments, may  be  collected^  dried,  and  laid  on  red-hot  char- 
coal. A  smell  of  sulphur  will  first  arise,  and  will  be  followed 
by  that  of  garlic. 

(F)  A  process  for  detecting  arsenic  has  been  proposed  by 
Mr.  Hume,  of  London,  in  the  Philosophical  Magazine  for 
May,  1809,  vol.  xxxiii.  The  test,  which  he  has  suggested,  is 
the  fused  nitrate  of  silver  or  lunar  caustic,  which  he  employs 
in  the  following  manner :  f 

Into  a  clean  Florence  oil  flask,  introduce  two  or  three 
grains  of  any  powder  suspected  to  be  arseiiic;  add  not  less 
than  eight  ounce-measures  of  either  rain  or  distilletl  water; 
and  heat  this  gradually  over  a  lamp  or  a  clear  coal  fire,  till  the 
solution  begins  to  boil.  Then,  while  it  boils,  frequently  shake 
the  flask,  which  may  be  readily  done  by  wrapping  a  piece  of 
leather  round  its  neck,  or  putting  a  glove  upon  the  band. 
To  the  hot  solution,  add  a  grain  or  two  of  sub-carbonate  of 
potassa  or  soda,  agitating  the  whole  to  make  the  mixture  uni- 
form. 

In  the  next  place,  pour  into  an  ounce  phial  or  a  small 
wine  glass  about  two  table  spoonfuls  of  this  solution,  and  pre- 
sent, to  the  mere  surface  of  the  fluid,  a  stick  of  dry  nitrate  of 
silver  or  lunar  caustic.  If  there  be  any  arsenic  present,  a 
beautiful  yellow  precipitate  will  instantly  appear,  which  will 

•  Lib.  citat.  p.  170. 

t  London  Medical  and  Physical  Journal^  xxiii.  448. 
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proceed  from  the  point  of  contact  of  the  nitrate  with  the  fluid ; 
and  settle  towards  the  bottom  of  the  vessel  as  a  flocculent  and 
copious  precipitale. 

The  nitrate  of  silver^  Mr.  Hume  finds,  also,  acts  very  sen- 
sibly upon  arsefiate  of  potassa^  and  decidedly  distinguishes  this 
salt  from  the  above  solution  or  orseniie  of  potassa ;  the  colour 
of  the  precipitate,  occasioned  by  the  arsenaie,  being  much 
darker  and  more  inclined  to  brick-red.  In  both  cases,  he  is 
of  opinion  that  the  test  of  nitrate  of  silver  is  greatly  superior 
to  that  of  sulpliate  of  copper ;  inasmuch  as  it  produces  a  much 
more  copious  precipitate,  when  equal  quantities  are  submitted 
to  experiment.  The  tests  he  recommends  to  be  employed  in 
their  dry  state,  in  preference  to  that  of  solution;  and  that  the 
piece  of  salt  be  held  on  the  surface  only. 

A  modified  application  of  this  test  has  since  been  proposed 
by  Dr.  Marcet,  whose  directions  are  as  follow.  Let  the  fluids 
suspected  to  contain  arsenic,  be  filtered ;  let  the  end  of  a 
glass  rod,  wetted  with  a  solution  of  pure  ammonia,  be  brought 
into  contact  with  this  fluid,  and  let  the  end  of  a  clean  rod^ 
similarly  wetted  with  solution  of  nitrate  of  silver,  be  immersed 
in  the  mixture.  If  the  minutest  quantity  of  arsenic  be  pre* 
sent,  a  precipitate  of  a  bright  yellow  colour  inclining  to  orange 
will  appear  at  the  point  of  contact,  and  will  readily  subside  to 
the  bottom  of  the  vessel.  As  this  precipitate  is  soluble  in 
ammonia,  the  greatest  care  is  necessary  not  to  add  an  excess 
of  that  alkali.  The  acid  of  arsenic,  with  the  same  test,  afibrds 
a  brick-red  precipitate.* — Mr.  Hume,  it  may  be  added,  now 
prepares  his  test  by  dissolving  a  few  grains,  say  ten,  of  lunar 
caustic  in  nine  or  ten  times  its  weight  of  distilled  water;  pre- 
cipitating by  liquid  ammonia ;  and  adding  cautiously,  and  by 
a  few  drops  at  once,  liquid  ammonia,  till  the  precipitate  is  re- 
dis«olved,  and  no  longer.  To  obviate  the  possibility  of  any 
excess  of  ammonia,  a  small  quantity  of  the  precipitate  may  be 
left  undissolved.  To  apply  this  test,  nothing  more  is  required 
than  to  dip  a  rod  of  glass  into  this  liquor,  and  then  touch 
with  it  the  surface  of  a  solution  supposed  to  contain  arsenic^ 
which  will  be  iiulicatcd  by  a  yellow  precipitate. 


*  Med.  Ciiir.  Trau9«  ii.  IM. 
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Mr.  Sylvester  has  objected  to  this  test,  that  it  will  not  pro- 
dace  the  expected  appearance,  when  common  salt  is  present. 
He  has,  therefore,  proposed  the  red  acetate  of  iron  as  a  better 
test  of  arsenic,  with  which  it  forms  a  bright  yellow  deposit; 
or  the  acetate  of  copper,  which  affords  a  green  precipitate. 
Of  the  two,  he  recommends  the  latter  in  preference,  but  ad- 
vises that  both  should  be  i-esortcd  to  in  doubtful  cases.^  Dr. 
Marcet,  however,  has  replied,  that  the  objection  arising  from 
the  presence  of  common  salt  is  easily  obviated ;  for  if  a  little 
diluted  nitric  acid  be  added  to  the  suspected  liquid,  and  then 
nitrate  of  silver  very  cautiously  till  the  precipitate  ceases,  the 
muriatic  acid  will  be  removed,  but  the  arsenic  will  remain  in 
solution,  and  the  addition  of  ammonia  will  produce  the  yellow 
precipitate  in  its  characteristic  form.  It  is  scarcely  necessary 
to  add  that  the  quantity  of  ammonia  must  be  sufficient  to 
saturate  any  excess  of  nitric  acid  which  the  fluid  may  con- 
tain.t 

A  more  important  objection  to  nitrate  of  silver  as  a  test  of 
arsenic  is,  that  it  affords,  with  the  alkaline  phosphates,  a  pre- 
cipitate of  phosphate  of  silver,  scarcely  distinguishable  by  its 
colour  from  the  arscniate  of  that  mctal.t  I"  answer  to  this, 
it  is  alleged  by  Mr.  Humc,§  that  the  arsenitc  of  silver  may 
be  discriminated  by  a  curdy  or  fiocculent  figure^  resembling 
that  of  fresh  precipitated  muriate  of  silver,  except  that  its 
colour  is  yellow ;  while  the  phosphate  is  smooth  and  homo~ 
geneous.  The  better  to  discriminate  these  two  arsenites,  he 
advises  two  parallel  experiments  to  be  made,  upon  sqiarate 
pieces  of  clean  writing  paper,  spreading  on  the  one  a  little  of 
the  fresh  prepared  arsenite,  and  on  the  other  a  little  of  the 
phosphate.  When  these  are  suffered  to  dry,  the  phosphate 
will  gradually  assume  a  black  colour,  or  nearly  so,  while  the 
arsenitc  will  pass  from  its  original  vivid  yellow  to  an  Indian 
yellow,  or  nearly  a  fawn  colour. 

Dr.  Paris  conducts  the  trial  in  the  following  manner:  drop 
the  suspected  fluid  on  a  piece  of  white  paper,  making  with  it 
a  broad  line;  along  this  line  a  stick  of  lunar  caustic  is  to  be 

•  33  Nicb.  Journ.  306.  f  Pl»il.  Mag.  xli.  184. 

X  Thomson's  Aunals;  viii.  15S.  §  Med.  and  Phys.  Journ.  Jan.  1818. 
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slowly  drawn  several  times  successively,  when  a  streak  will 
appear  of  the  colour  resembling  that  known  by  the  name  of 
Indian  yellow^  This  is  equally  produced  by  arsenic  and  by 
an  alkaline  phosphate,  but  the  one  from  arsenic  is  roughs 
curdy,  and  flocculent,  like  that  from  a  crayon ;  that  from  a 
phosphate  is  homogeneous  and  uniform,  resembling  a  water 
colour  hiid  smoothly  on  with  a  brush.  But  a  more  important 
and  distinctive  peculiarity  soon  succeeds ;  for  in  less  than  two 
minutes  the  phosphoric  yellow  fades  into  a  sad  green,  and  be* 
comes  gradually  darker,  and  ultimately  quite  black,  while  on 
the  other  hand  the  arsenic  yellow  continues  permanent,  or 
nearly  so,  for  some  time,  and  then  becomes  brown.  In  per- 
forming this  experiment,  th^  sunshine  should  be  avoided,  or 
the  change  of  colour  will  take  place  too  rapidly.  (Ann.  of 
PhiL  X.  60.)  The  author  of  the  London  Dispensatory  adds, 
that  the  test  is  improved  by  brushing  the  streak  lightly  over 
with  liquid  ammonia  immediately  afler  the  application  of  the 
caustic,  when,  if  arsenic  be  present,  a  bright  queen's  yellow  is 
produced,  which  remains  permanent  for  nearly  an  hour;  but 
that  when  lunar  caustic  produces  a  while  yellow  before  the 
ammonia  is  applied,  we  may  infer  the  presence  of  some  alka- 
line phosphate  rather  than  of  arsenic. 

(G)  Mr.  Smithson  proposes  to  fuse  any  powder  suspected 
to  contain  arsenic  with  nitre;  this  produces  arseniate  of  po- 
tassa,  of  which  the  solution  affords  a  brick  red  precipitate 
with  nitrate  of  silver.  In  cases  where  any  sensible  portion  of 
the  alkali  of  the  niti*e  has  been  set  free,  it  must  be  saturated 
with  acetous  acid,  and  the  saline  mixture  dried  and  re-dissolved 
in  water.  So  small  is  the  quantity  of  arsenic  required  for  this 
mode  of  trial,  that  a  drop  of  solution  of  oxide  of  arsenic  in 
water  (which  at  B'^^  Fahr.  may  be  estimated  to  contain  ^th 
its  weight  of  the  oxide),  mixed  with  a  little  nitrate  of  potassa, 
and  fused  in  a  platinum  spoon,  affords  a  very  sensible  quan- 
tity of  arseniate  of  silver.  (Ann.  of  Phil.  N.  S-  iv.  127.) 

(H)  Dr.  Cooper,  President  of  Columbia  College,  finds  a 

solution  of  chromate  of  potassa  to  be  one  of  the  best  tests  of 

arsenic.    One  drop  is  turned  green  by  the  fourth  of  a  grain 

of  arsenic,  by  two  or  tliree  drops  of  Fowler's  mineral  solution, 

,  or  any  other  arsenite  of  potassa.    The  arscnious  acid  takes 
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oxygen  from  the  chromic^  which  ia  conveited  into  oxide  of 
chrome.  To  exhibit  the  effect^  take  five  watch  glasses;  put 
on  one,  two»  or  three  drops  of  a  watery  solution  of  white  ar- 
senic; on  the  second,  as  much  arsenite  of  potassa;  on  the 
third,  one  fourth  of  a  grain  of  white  arsenic  in  substance;  on 
the  £>urth|  two  or  three  drops  of  solution  of  corrosive  subla- 
mate;  on  the  fifdi»  two  or  three  drops  of  a  solution  of  cqsper. 
Add  to  each  three  or  four  dro|is  of  a  solution  of  chromate  of 
^potassa.  In  half  an  hour  a  bright  clear  grass  green  otAonr 
will  appear  in  numbers  1,  S,  S,  unchangeable  by  ammmia: 
number  4  will  instantly  exhibit  an  orange  precipitate ;  and 
number  5  a  green,  which  a  drop  of  ammonia  will  instantly 
change  to  blue.    (Silliman's  American  Journal,  iii*) 

(I)  But  the  most  decisive  mode  of  determining  the  pre« 
senoe  of  arsenic  (which,  though  not  absolutely  indispensable, 
should  always  be  resorted  to,  when  the  suspected  substance 
can  be  obtained  in  sufficient  quantity),  is  by  reducing  it  to  a 
metallic  state ;  for  its  characters  are  then  clear  and  unequi- 
vocal. For  this  pui*pose,  let  a  portion  of  tlie  white  sediment, 
collected  from  the  contents  of  the  stomach,  be  dried  and  mixed 
with  three  times  its  weight  of  black  flux  (see  p*  539) ;  or  if 
this  cannot  be  procured,  with  two  parts  (yf  very  dry  carbonate 
of  potassa  (the  salt  of  tartar  of  the  shc^s),  and  one  of  pow- 
dered charcoal.  Dr.  Bostock  finds  that  for  this  mixture^  we 
may  advantageously  substitute  one  composed  of  half  a  grain 
of  charcoal,  and  two  drops  of  oil,  to  a  grain  of  the  sediment* 
Procure  a  tube  eight  or  nine  inches  long,  and  one  fourth  or 
one  sixth  of  an  indi  in  diameter,  of  thin  glass,  sealed  herme- 
tically at  one  end.  Then  put  into  the  tube  the  mixture  of 
the  powder  and  its  flux,  and  if  any  should  adhere  to  the  inner 
surface,  let  it  be  wiped  off  by  a  feather,  so  that  the  inside 
of  all  the  upper  part  of  the  tube  may  be  quite  clean  and 
dry.  Stop  the  end  of  the  tube  loosely,  with  a  little  paper,  and 
heat  the  sealed  end  only,  on  a  chafing^ish  of  red<^bot  coalsy 
taking  care  to  avoid  breathing  the  fumes.  Tlie  arsenie,  if 
present,  will  rise  to  the  upper  part  of  the  tube^  on  the  inner 
surfiioe  of  which  it  will  form  a  thin  brilliant  coating.  Break 
the  tube,  and  scrape  off  the  reduced  metal.  Lay  a  little  on  a 
'  heated  iron^  wh«,  if  it  bearsenic^  a  dense  smoke  vrill  arise. 
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and  a  strong  smell  of  fjarlic  will  be  perceived.  The  arsenic 
may  be  farther  identified,  by  potting  a  small  quantity  between 
two  polished  plates  of  copper,  surrounding  it  by  powdered 
charcoal^  to  prevent  its  escape,  binding  these  tightly  together 
by  iron  wire,  and  exposing  them  to  a  low  red  heat.  If  the 
included  substance  be  arsenic,  a  white  stain  will  be  lei^  on  the 
copper, 

(K)  It  may  be  proper  to  observe,  that  neither  the  «tain  on 
copper,  nor  the  odour  of  garlic,  is  produced  by  the  white 
oxide  of  arsenic,  when  heated  without  the  addition  of  some 
inflammable  ingredient*  The  absence  of  arsenic  must  not, 
therefore,  be  inferred,  if  no  smell  should  be  occalsioned  by 
laying  the  white  powder  on  a  heated  iron. 

Dr.  Black  ascertained,  that  all  the  necessary  experiments^ 
for  the  detection  of  arsenic,  may  be  made  on  a  single  grain  of 
the  white  oxide;  this  small  quantity  having  produceiU  when 
heated  in  a  tube  with  its  proper  flux,  as  much  of  the  metal  as 
clearly  establiihecl  its  presence. 

If  the  quantity  of  arsenic  in  the  stomach  should  be  so 
small,  which  is  not  very  probable^  as  to  occasion  deatli,  and 
yet  to  remain  suspended  in  the  washings,  the  whole  con- 
tents,  and  the  water  employed  to  wash  them,  must  be  fiK 
tcrcd,  and  the  clear  liquor  assayeil  for  arsenic  by  the  tests 
(B),  (C),  (D),  and  (E). 

In  tliis  case  it  is  necessary  to  be  careful  that  the  colour  df 
the  precipitate  is  not  modified  by  that  of  the  liquid  found  in 
the  stomach.  If  this  be  yellow,  the  precipitate  by  sulphate 
of  copper  and  carbonate  of  potassa,  will  appear  green,  even 
though  no  arsenic  be  present ;  but  on  leaving  it  to  settle,  de- 
canting oft*  the  fluid,  and  replacing  it  with  water,  it  will  evi- 
dently be  blue  witliout  any  tinge  of  green,  being  no  longer 
seen  through  a  yellow  medium.  (Dr.  Paris.) 

The  liquid  contents  of  tlie  stomach  may  also  be  evaporated 
.  to  dryness  below  250^  Fahr.  and  the  dry  mass  be  exposed  to 
.  heat  at  the  bottom  of  a  Florence  flask,  to  sublime  the  ai*senie. 
If  dissolved  in  an  oily  fluid.  Dr.  Ure  proposes  to  boil  the 
solution  with  distilled  water,  and  afterwards  to  separate  the 
.  oil  by  the  capillai7  action  of  wick  threads.  The  watery  fluid 
^may  th^n  be  subjected  to  the  vsual  tests. 
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In  an  investigotion,  the  event  of  which  is  to  affect  the  liie 
of  an  accused  person,  it  is  the  daty  of  every  one  who  may 
prepare  himself  to  give  evidence,  not  to  rest  satisfied  with  the 
appearances  produced  by  any  one  test  of  arsenic ;  but  to  ren- 
der its  presence  quite  unequivocal  by  the  concun*ing  results  of 
several. 

Art.  IL — Discovery  of' Corrosive  Sublimaie^  Barjfla,  &c. 

Corrosive  sublimate  (the  bi*chloride  or  oxy-muriate  of  mer- 
cury), next  to  arsenic,  is  the  most  virulent  of  the  metallic 
poisons.  It  may  be  collected  by  treating  the  contents  of  the 
stomach  in  the  manner  already  described ;  but  as  it  is  more 
soluble  than  arsenic,  viz.  in  about  19  times  ks  weight  of  water, 
no  more  water  must  be  employed  than  is  barely  sufficient,  and 
the  washings  must  be  carefully  preserved  for  examination. 

If  a  powder  should  be  collected,  by  this  operation,  which 
proves,  on  examination,  not  to  be  arsenic,  it  may  be  known 
to  be  corrosive  sublimate  by  the  following  characters : 

(A)  Expose  a  small  quantity  of  it,  without  any  admixture, 
to  heat  in  a  coated  glass  tube,  as  directed  in  the  treatment  of 
arsenic.  Corrosive  sublimate  will  be  ascertained  by  its  rising 
to  the  top  of  the  tube,  lining  the  inner  surface  in  the  form  of  a 
shining  white  crust. 

(B)  Dissolve  another  portion  in  distilled  water;  and  it  may 
be  proper  to  observe  how  much  of  the  salt  the  water  is  capa- 
ble of  taking  up. 

(C)  To  the  watery  solution  add  a  little  lime-water.  A  pre- 
cipitate of  an  orange  yellow  colour  will  instantly  appear. 

(D)  To  another  portion  of  the  solution  add  a  single  drop 
of  a  dilute  solution  of  sub-carbonate  of  potassa  (salt  of  tartar). 
A  white  precipitate  will  appear ;  but,  on  a  still  farther  addition 
of  alkali,  an  orange-coloured  sediment  will  be  formed. 

(E)  The  carbonate  of  soda  has  similar  efl^ts. 

(F)  Sulphureted  water  throws  down  a  dark-coloured  sedi- 
ment, which,  when  dried  and  strongly  heated,  is  wholly  vola- 
tilized, without  any  odour  of  garlic. 

For  the  detection  of  corrosive  suUimate,  Mr.  Sylvester  has 
recommended  the  application  of  galvanism,  which  exhibits  the 
mercury  in  a  metallic  state.    A  piece  of  zinc  wire,  or  if  thai 
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cannot  be  had,  of  iron  wire  about  three  inches  long,  is  to  be 
twice  bent  at  right  angles  so  as  to  resemble  the  Greek  letter  11^ 
The  two  legs  of  this  figure  should  be  distant  about  the  dia- 
meter of  a  common  gold  wedding-ring  from  each  other,  and 
the  two  ends  of  the  bent  wire  must  aftei'wards  be  tied  to  a 
ring  of  this  description.  Let  a  plate  of  glass,  not  less  than 
three  inches  square,  be  laid  as  nearly  horizontal  as  possibles 
and  on  one  side,  drop  some  sulphuric  acid,  diluted  with 
about  six  times  its  weight  of  water,  till  it  spreads  to  the  size 
of  a  halfpenny.  At  a  little  distance  from  this,  towards  the 
other  side,  next  drop  some  of  the  solution  supposed  to  con- 
tain corrosive  sublimate,  till  the  edges  of  the  two  liquids  join 
together ;  and  let  the  wire  and  ring  prepared  as  above  be  laid 
in  such  A  way  that  the  wire  may  touch  the  acid,  while  the  gold 
ring  is  in  contact  with  the  suspected  liquid.  If  tlie  minutest 
quantity  of  corrosive  sublimate  be  present,  the  ring  in  a  few 
minutes  will  be  covered  with  mercury  on  the  part  which 
touched  the  fluid. 

Mr.  Smith«on  remarks,  that  all  the  oxides  and  saline  com- 
pounds of  mercury,  if  laid  in  a  drop  of  marine  acid  on  gold, 
with  a  bit  of  tin,  quickly  amalgamate  the  gold.  In  this  way, 
a  very  minute  quantity  of  corrosive  sublimate,  or  a  drop  of 
its  solution  may  be  tried,  and  no  addition  of  muriatic  acid  is 
then  required.  Quantities  of  mercury  may  thus  be  rendered 
evident,  which  could  not  be  so  by  any  other  means.  Even 
the  mercury  of  cinnabar  may  be  exhibited ;  but  it  must  pre- 
viously be  boiled  with  a  little  sulphuric  acid  in  a  platinum 
spoon,  to  convert  it  into  sulphate.  An  exceedingly  minute 
quantity  of  metallic  mercury  in  any  powder  may  be  disco- 
vered by  placing  it  in  nitric  acid  on  gold,  drying,  and  adding 
muriatic  acid  and  tin. 

The  only  mineral  poison  of  great  virulence  that  has  not 
been  mentioned,  and  which,  from  its  being  little  known  to 
act  as  such,  it  is  very  improbable  we  should  meet  with,  is  the 
carbonate  of  baryta.  This,  in  the  country  where  it  is  found, 
is  employed  as  a  poison  for  rats,  and  there  can  be  no  doubt 
would  be  equally  destructive  to  human  life.  It  may  be  dis- 
covered by  dissolving  it  in  muriatic  acid,  and  by  the  insolu- 
bility of  the  precipitate  which  this  solution  yields  on  adding 
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sulphuric  acid,  or  sulphate  of  soda.  Soluble  barjtic  salts,  if 
these  have  been  the  means  of  poison,  will  be  contained  in  the 
water  employed  to  wash  the  contents  of  the  stomach,  and  will 
be  detected,  on  adding  sulphuric  acid,  by  a  copious  precipitate- 
It  may  be  proper  to  observe,  that  the  failure  of  attempts  to 
discover  poisonous  substances  in  the  alimentary  canal  after 
death,  is  by  no  means  a  sufficient  proof  that  death  has  not 
been  occasioned  by  poison.  For  it  has  been  clearly  esta- 
blished, by  experiments  made  on  animals,  that  a  poison  may 
be  so  completely  evacuated,  that  no  traces  of  it  shall  be  found, 
and  yet  that  death  may  ensue  from  the  morbid  changes  which 
it  has  occasioned  in  the  alimentary  canal,  or  in  tlie  general 
system. 

Art.  III. — Metliod  of  detecting  Copper  or  Lead. 

Copper  and  lead  sometimes  gain  admission  into  articles  of 
food,  in  consequence  of  the  employment  of  kitchen  utensils 
of  these  materials. 

I.  If  COPPER  be  suspected  in  any  liquor,  its  presence  will 
be  ftsceilained  by  adding  a  solution  of  pure  ammonia,  which 
will  strike  a  beautiful  blue  colour.  If  the  solution  be  very 
dilute,  it  may  be  concentrated  by  evaporation;  and  if  the 
liquor  contain  a  considerable  excess  of  acid,  like  that  used 
to  preserve  pickles,  as  much  of  the  alkali  must  be  added  as 
is  more  than  sufficient  to  saturate  the  acid.  In  this,  and  all 
other  experiments  of  the  same  kind,  the  fluid  should  be  viewed 
by  reflected,  and  not  by  transmitted  light. 

If  into  a  newly  prepared  tincture  of  guaiacum  wood  we 
drop  a  concentrated  solution  of  a  salt  of  copper,  the  mixture 
instantly  assumes  a  blue  colour.  This  efiect  does  not  take  place 
when  the  solution  is  very  weak,  for  example,  when  there  is  not 
above  half  a  grain  of  the  salt  to  an  ounce  of  water;  but  then, 
by  the  addition  of  a  few  drops  of  prussic  acid,  the  blue  cdour 
is  instantly  developed  of  great  purity  and  intensity.  This 
colour  is  not  permanent^  but  soon  passes  to  a  green,  and  at 
length  totally  disappears.  For  want  of  prussic  acid,  distilled 
laurel  water  may  be  employed.  The  test  produces  its  eflect, 
even  when  the  proportion  of  the  salt  of  copper  to  the  water 
does  not  exceed  i-45000th.     In  this  minute  proportion  no 
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other  test,  ivhether  theprussiate  of  potasso,  soda,  or  ammonia, 
gives  the  least  indication  of  copper.  (Quart.  Joum.  x.  182.) 

II.  Lbad  is  occasionally  found,  in  sufficient  quantity  to  be 
injurious  to  health,  in  water  that  has  passed  through  leaden 
pipes  or  been  kept  in  leaden  vessels,  and  sometimes  even  in 
pump-water,  in  consequence  of  that  metal  having  been  used 
in  the  construction  of  the  pump.  Acetate  of  lead  has  also 
been  known  to  be  fraudulently  added  to  bad  wines,  with  the 
view  of  concealing  their  defects. 

Lead  may  be  discovered  by  adding,  to  a  portion  of  the 
suspected  water,  about  half  its  bulk  of  water  impregnated 
with  sulphureted  hydrogen  gas.  If  lead  be  present,  it  will 
be  manifested  by  a  dark  brown,  or  blackish,  tinge.  This  test 
is  so  delicate,  that  water  condensed  by  the  leaden  worm  of  a 
still-tub,  is  sensibly  affected  by  it.  Lead  is  also  detected  by  a 
similar  effect  ensuing  on  the  addition  of  sulphuret  of  am- 
monia, or  potassa. 

The  adequacy  of  this  method,  however,  to  the  discovery 
of  very  minute  quantities  of  lead,  has  been  set  aside  by  the 
experiments  of  Dr.  Lambe,*  the  author  of  a  skilful  analysis 
of  the  springs  of  Leamington  Priors,  near  Warwick.  By 
new  methods  of  examination^  he  has  detected  the  presence  of 
lead  in  several  spring-waters,  that  manifest  no  change  on  the 
addition  of  the  sulphureted  test;  and  has  found  that  metal 
in  the  precipitate,  separated  from  such  waters  by  the  carbonate 
of  potassa  or  of  soda.  In  operating  on  these  waters,  Dr. 
Lambe  noticed  the  following  appearances : 

(a)  The  test  forms  sometimes  a  dark  cloud,  with  the  pre- 
cipitate effected  by  alkalis,  which  has  been  re-dissolvecl  in 
nitric  acid. 

{b)  Though  it  forms,  in  other  cases,  no  cloud,  the  precipi- 
tate itself  becomes  darkened  by  the  sulphureted  test. 

(c)  The  test  forms  a  white  cloud,  treoted  with  the  precipi- 
tate as  in  (a).     These  two  appearances  may  be  united. 

(d)  The  test  neither  forms  a  cloud,  nor  darkens  the  pre- 
cipitate. 

•  See  his  "  Researches  into  the  Properties  of  Spring  Water."  8vOf 
London.    Johnson,  1803. 
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(e)  In  the  cases  (6),  (c),  (J),  heat  the  precipitate,  in  con- 
tact with  an  alkaline  carbonate,  to  redness ;  dissolve  out  the 
carbonate  by  water;  and  treat  the  precipitate  as  in  (a). 
The  sulphurcted  test  then  forms  a  dark  cloud  with  tlie  so- 
lution of  the  precipitate.  In  these  experiments,  it  is  essential 
that  the  acid,  used  to  re-dissolve  the  precipitate,  shall  not  be 
in  excess;  and  if  it  should  so  happen,  that  excess  must  be  sa- 
turated before  the  test  is  applied.  It  is  better  to  use  so  little 
acid,  that  some  of  the  precipitate  mny  remain  undissolved* 

(f)  Instead  of  the  process  (e)  the  precipitate  may  be  ex- 
posed without  addition,  to  a  red  heat,  and  then  treated  as 
in  (a).  In  this  case,  the  test  will  detect  the  metallic  matter; 
but  with  less  certainty  than  the  foregoing  one. 

Tlie  nitric  acid,  used  in  these  experiments,  should  be  per- 
fectly pure;  and  the  test  should  be  recently  prepared  by  sa- 
turating water  with  sulphureted  hydrogen  gas.  A  few  drops 
of  nitric  acid  added  to  a  water  containing  lead,  which  has 
been  reduced  to  l-8th  or  1-lOth  its  bulk  by  evaporation,  and 
then  followed  by  the  addition  of  a  few  drops  of  hydriodate  of 
potassa,  produces  a  yellow  insoluble  precipitate. 

Another  mode  of  analysis,  employed  by  Dr.  Lambe,  con- 
sists in  precipitating  the  lead  by  solution  of  common  salt ;  but 
as  muriate  of  lead  is  partly  soluble  in  water,  this  test  cannot  be 
applied  to  small  portions  of  suspected  water.  The  precipitate 
must  be,  therefore,  collected,  from  two  or  three  gallons,  and 
heated  to  redness  with  twice  its  weight  of  carbonate  of  soda. 
Dissolve  out  the  soda ;  add  nitric  acid,  saturating  any  super- 
fluity; and  then  apply  the  sulphureted  test.  Sulphate  of 
soda  would  be  found  more  effectual  in  this  process  than  the 
muriate,  on  account  of  the  greater  insolubility  of  sulphate  of 
lead.  This  property,  indeed,  renders  sulphate  of  soda  an  ex- 
cellent test  of  the  presence  of  lead,  when  held  in  solution  by 
acids,  for  it  throws  down  that  metal,  even  when  present  in  very 
small  quantity,  in  the  form  of  a  heavy  white  precipitate,  which 
is. not  soluble  by  acetic  acid. 

The  third  process,  which  is  the  most  satisfactory  of  all, 
and  is  very  easy,  except  for  the  trouble  of  collecting  a  large 
quantity  of  precipitate,  is  the  actual  reduction  of  the  metal, 
and  its  exhibition  in  a  separate  form.     The  precipitate  may 
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be  mixed  with  its  own  weight  of  alkaline  carbonate,  and  ex- 
posed either  with  or  without  the  addition  of  a  small  propor- 
tion of  charcoal,  to  a  heat  sufficient  to  melt  the  alkali*  On 
breaking  the  crucible,  a  small  globule  of  lead  will  be  found 
reduced  at  the  bottom.  The  precipitate  from  about  fifty 
gallons  of  water  yielded  Dr.  Lambo,  in  one  instance,  about 
two  grains  of  lead. 

For  discovering  the  presence  of  lend  in  wines,  a  test  in- 
vented by  Dr.  Hahnemann,  and  known  by  the  title  of  Hah- 
nemann's wtne*test,  may  be  employed.  This  test  is  prepared 
by  putting  together,  into  a  small  phial,  sixteen  grains  of  sul« 
phuret  of  lime,  prepared  in  the  dry  way  (by  exposing  to  a  red 
heat,  in  a  covered  crucible,  equal  weights  of  powdered  lime 
and  sulphur,  accurately  mixed),  and  20  grains  of  bitartratc  of 
potassa  (cream  of  tartar).  The  phial  is  to  be  filled  with  water, 
well  corked,  and  occasionally  shaken  for  the  space  of  ten 
minutes.  When  the  powder  has  subsided,  decant  the  clear 
liquor,  and  preserve  it,  in  a  well-stopped  bottle,  for  use.  The 
liquor,  when  fresh  prepareil,  discovers  lead  by  a  dark  coloured 
precipitate.  A  &rther  proof  of  the  presence  of  lead  in  wines 
is  tlie  occurrence  of  a  precipitate  on  adding  a  solution  of  the 
sulphate  of  soda. 

Mr.  Sylvester  has  proposed  the  gallic  acid  as  an  excellent 
test  of  the  presence  of  lead.* 

The  quantity  of  lead,  which  has  been  detected  in  sophis- 
ticated wine,  may  be  estimated  at  forty  grains  of  tlie  metal  in 
every  fifty  gallons^f 

When  a  considerable  quantity  of  acetate  of  lead  has  been 
taken  into  the  stomach  (as  sometimes,  owing  to  its  sweet 
taste,  happens  to  children),  afler  the  exhibition  of  an  active 
emetic,  the  hydro-sulphuret  of  potassa  or  of  ammonia  may  be 
given;  or  probably  a  solution  of  sulphate  of  soda  (Glauber's 
salt)  would  render  it  innoxious. 

*  33  Nicholson's  Journal,  310.  «  f  Lambed  page  175. 
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SECTION  II. 

RUUBS  FOE  ASCERTAINING  THE  PUEJTY  OW  CBEIilCAL  PEE- 
PAEATION8,  EVPlJOyBD  FOE  THE  PUEP06E8  OF  MEDICINE, 
AND   FOE  OTHER   USES. 

h-'^'Sulphiiric  Acidf — Acidum  Sulpkuricum  of  the  London 
PharmacQpceia^ — 0/7  of  Vitriol. 

The  specific  gravity  of  salphnric  acid  should  be  1.8485,  at 
60^  Fahr. ;  when  stronger,  there  is  reason  to  suspect  the  pre- 
sence of  sulphate  of  lead,  or  of  other  impurities.  It  should 
remain  perfectly  transparent  when  diluted  with  distilled 
water.  If  a  sediment  occur,  on  dilution,  it  is  a  proof  of  the 
presence  of  sulphate  of  lead. 

'  Iron  may  be  detected  in  sulphuric  acid,  by  a  little  under* 
saturating  a  portion  of  the  diluted  acid  with  pure  carbonate 
of  soda,  and  adding  prussiate  of  potassa,  which  will  manifest 
the  presence  of  iron  by  a  prussian  blue  precipitate ;  or  it  will 
be  discovered  by  a  purplish  or  blackish  tinge,  on  the  addition 
of  tincture  of  galls  to  a  similarly  sub-saturated  portion. 
Copper  may  be  discovered,  by  pure  solution  of  ammonia, 
which  turns  it  blue;  and  lead  may  be  detected  by  the  sul- 
phuret  of  ammonia,  which  causes  a  black  precipitate.  The 
latter  metal,  however,  is  for  the  most  part  thrown  down  on 
dilution,  in  combination  with  sulphuric  acid. 

Sulphate  of  potassa  or  of  soda  may  be  found  by  saturating 
the  diluted  acid  with  ammonia,  evaporating  to  dryness,  and 
applying  a  pretty  strong  heat.  The  sulphate  of  ammonia 
will  escape,  and  that  of  potassa  or  of  soda  will  remain,  and 
may  be  distinguished  by  its  solubility  and  other  characters.* 

IL-^Nitric  and  Nitrous  AcidSy — Acidum  Niiricumj  P.  L. — 
Aqua  tbriis. 

The  nitric  acid  should  be  perfectly  colourless,  and  as  limpid 
as  water.  It  shouki  be  preserved  in  a  dark  place,  to  prevent 
its  conversion  into  the  nitrous  kind. 

•  See  vol.  i.  p.  589,  t47* 
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These  acids  are  most  likely  to  be  adulterated  with  sulphuric 
and  muriatic  acids.  The  sulphuric  acid  may  be  discoyered 
by  adding  to  a  portion  of  the  acid,  largely  diluted,  nitrated  or 
muriated  baryta,  which  will  occasion,  with  sulphuric  acid,  a 
white  and  insoluble  precipitate*  The  muriatic  acid  may  be 
ascertained  by  nitrate  of  silver,  which  affords  a  sediment,  at 
first  white,  but  which  becomes  coloured  by  exposure  to  the 
direct  light  of  the  sun.  Both  these  acids,  however,  may  be 
present  at  once ;  and,  in  this  case,  it  will  be  necessary  to  add 
a  solution  of  nitrate  of  baryta  as  long  as  any  precipitate  falls, 
which  will  separate  the  sulphuric  acid.  Let  the  sediment  sub- 
side, decant  the  clear  liquor,  and  add  the  nitrate  of  silver.  If 
a  precipitate  appear,  muriatic  acid  may  be  inferred  to  be  pre- 
sent also.  Muriatic  acid  may  also  be  detected  by  adding  a 
solution  of  sulphate  of  silver. 

These  acids  in  their  most  concentrated  state  should  have 
the  specific  gravity  of  1 .500 ;  but  they  are  seldom  found  so 
heavy. 

HI. — Muriatic  Acidj — Acidum  MuricUicum^  P.  L.^^Spirii 
of  Salt. 

This  acid  generally  contains  iron,  which  may  be  known  by 
its  yellow  colour ;  the  pure  acid  being  perfectly  colourless. 
Iron  may  also  be  detected  by  the  same  mode  as  was  recom- 
mended in  examining  sulphuric  acid. 

Sulphuric  acid  is  discoverable  by  a  precipitation,  on  adding, 
to  a  portion  of  the  acid,  diluted  with  five  or  six  parts  of  pur 
water,  a  solution  of  the  muriate  of  baryta. 

The  specific  gravity  of  this  acid  should  be  1.170.     That  of 
commerce  is  generally  from  1.156  to  1.160;  and  the  latter 
number  denotes  the  strength  of  acid  prepared  according  to    - 
the  London  Pharmacopoeia.     It  is  as  strong  as  it  can  be  kept 
without  emitting  troublesome  fumes. 

IV, — Acetic  Aeid^ — Acidum  Aceticum^ — Radical  or  Concen- 
trated Vinegar. 

This  acid  is  often  contaminated  by  sulphurous  and  sulphuric 
acid.  The  first  may  be  known  by  drawing  a  little  of  the  vapour 
into  the  lungS|  when,  if  the  acid  be  pure^  no  unpleasant  sen- 
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Mlkm  will  b^  fell;  buU  ifMilplmrotta  airid  be  cootain^  iq  the 
ae0lic»  U  will  nol  fail  U>  be  diacpvered  by  a  senfiation  re«ero- 
bliiig  that  prodoced  by  breathing  th^  fiun^s  of  burning  snl- 
pbur.  The  talphnrie  aoid  is  det^eted  t>y  muriat^d  baryta ; 
«oppar»  by  fiop^featnration  with  pare  asiBioniai  and  lead»  by 
aulpbiiret  of  ammonia- 

The  specific  gravity  of  thi«  acid  should  be  1.060  at  least; 
but,  as  I  have  already  stated^  i£i  acidity  does  not  keep  pace 
with  its  density. 

y^^Acetow  Add^^^dddum  Acetkum^  P.  I^^DisiiUed 
Vinegar. 

If  vinegar  be  distilled  in  copper  vessels,  it  can  hardly  fall  of 
being  contaminated  by  that  metal ;  and,  if  a  leaden  worm  be 
used  for  its  condensation,  some  portion  of  lead  will  certainly 
be  dissolved.  The  former  metal  will  appear  on  adding  an 
excess  of  solution  of  pure  ammonia;  and  lead  will  be  detected 
by  sulphureted  ammonia,  or  by  water  saturated  with  sul- 
phureted  hydrcgen.  (See  the  preceding  cliapler.)  The 
strength  of  distilled  vinegar  ought,  according  to  Mr.  R.  Phil- 
lips, to  be  such,  that  a  fluid-ounce  should  decompose  13.8 
grains  of  carbonate  of  lime. 

It  is  not  unusual,  in  order  to  increase  the  acid  taste  of 
vinegar,  to  add  sulphuric  acid.  This  acid  may  be  immediately 
discovered  by  solutions  of  baryta,  which,  when  vinegar  has 
been  thus  adulterated,  throw  down  a  white  precipitate.  Mu- 
riatic acid  is  discoverable  by  nitrate  of  silver. 

VL — Boracic  Acidy — Sedative  Sail  ofHomherg. 

Genuine  boracic  acid  should  totally  dissolve  in  five  times 
its  weight  of  boiling  alcohol;  and  the  solution,  when  set  on 
fire,  should  emit  a  green  flame.  The  best  boracic  acid  forms 
small  hcxangular  scaly  crystals  of  a  shining  silvery  white 
colour.     Its  specific  gravity  is  1.480. 

VIL— Tar/flWc  Acid. 

This  acid  often  contains  sulphuric  acid;  to  discover  which, 
let  a  portion  be  di^solvfd  in  wat^r^  and  a  sol^tign  of  acetate 
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of  lead  be  addad.  A  precipitate  will  appear,  vliicb»  if  the 
acid  be  pure,  is  entirely  re-ditiolved  by  a  few  dropi  of  pure 
nitric  acid,  or  by  a  little  pure  acetic  acid.  If  any  portion 
remain  undinohed,  sulphuric  add  is  the  cause.  Muriate  of 
baryta,  also^  irfien  the  acid  is  adulterated  with  sulphuric 
acid,  but  not  otherwise^  gives  a  precipitate  insoluble  by  an 
excess  of  pure  muriatic  add. 

YUL^^dd  of  Amler. 

Acid  of  amber  is  adulterated,  somedmes  with  sulphuric 
acid  and  its  combinations;  sometimes  with  tartaric  acid;  and 
at  others  with  muriate  of  ammonia. 

Sulphuric  acid  is  detected  by  solutions  of  baryta;  tartaric 
add  by  the  cautious  addition  of  carbonate  of  potassa^  which 
forms  a  difficultly  soluble  bi-tartrate;  and  muriate  of  ammonia 
by  nitrate  of  silveri  which  discovers  the  acid,  and  by  a  solu* 
tion  of  pure  potassa,  which  excites  a  strong  smell  pf  am* 
monia. 

Pure  acid  of  amber  is  a  crystalline  white  salt  of  an  acid  taste^ 
soluble  in  twenty*four  parts  of  cold  or  dght  of  hot  water^  and 
is  volatilized,  when  laid  on  r?d-bot  iron,  without  leaving  any 
ashes  or  other  residue. 

IX. — Acid  of  Benzoin^ — Aetdum  Bemoicum^  P.  L. 

This  add  is  not  very  liable  to  adulteration.  The  best  has 
a  brilliant  white  colonr  and  a  peculiarly  gratefhl  smell.  It  is 
soluble  in  a  large  quantity  of  boiling  water  or  alcohd,  and 
leaves  no  residue  when  placed  on  a  heated  iron. 

X. — Suh^carlmate  of  Poiassa,  (  Strictly  the  Carlcnate)^^^ 
Potassce  SulcwrhonaSy  P.  L* 

The  salt  of  tartar  of  the  shops  generally  contains  sulphate 
and  muriate  of  potassa,  and  siliceous  and  calcareous  earths* 
It  should  dissolve  entirely,  if  pure,  in  twice  iu  wdgfat  ci 
eold  water ;  and  any  thing  that  remains  undissolved  may  be 
regarded  as  an  impurity.  Sometimes  one^fonrth  of  fordgn 
mixtures  may  thus  be  detected,  the  greater  part  of  which  is 
sulphate  of  potassa.    To  ascert|tin  the  nature  of  the  aduiterat 
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tion»  boil  in  distilled  water  the  residae  left  by  cold  water ;  and 
decant  the  solution.  Then  dissolve  a  portion  of  the  sediment 
(if any)  in  pure  and  dilated  nitric  acid:  the  siliceous  earth 
only  will  remain  undissolved.  Add,  to  one  part  of  the  solution 
by  hot  water,  nitrate  of  baryta;  this  will  detect  sulphate  of 
potassa  by  a  copious  precipitate.  To  another  portion  add 
nitrate  of  silver,  which  will  discover  muriatic  salts ;  and,  to 
a  little  of  the  solution  by  muriatic  acid,  add  oxalate  or  fluate 
of  ammonia,  which  will  detect  carbonate  of  lime. 

The  solution  of  sub-carbonate  of  potassa  {liquor  polassce 
subcarboTicUiSf  P«  L.)  may  be  examined  in  a  similar  manner. 

XI. — Solution  of  pure  Potassa^ — Liquor  Poiassce,  P.  L. 

This  may  be  assayed,  for  sulphuric  and  muriatic  salts,  by 
saturation  with  nitric  acid,  and  by  the  tests  recommended  in 
speaking  of  carbonate  of  potassa.  A  perfectly  pure  solution 
of  potassa  should  remain  transparent  on  the  addition  of  barytic 
water.  If  a  precipitate  should  ensue,  soluble  with  effer* 
Vescence  in  dilate  muriatic  acid,  it  is  owing  to  the  presence 
of  carbonic  acid  :  if  the  predpitate  is  not  soluble,  it  indicates 
sulphuric  acid.  The  presence  of  carbonic  acid  is  also  shown 
by  an  effervescence,  on  adding  diluted  sulphuric  acid,  and  an 
excess  of  lime  by  a  white  precipitate,  on  blowing  air  from  the 
lungs,  through  the  solution,  by  means  of  a  tobacco-pipe,  or  a 
glass  tube. 

This  solution  should  be  of  such  a  strength,  as  that  an  exact 
wine-pint  may  weigh  18  ounces  troy. 

XII. — Suthcarhonate  of  Soda,  {Strictly  Carbonate  of  Soda\ — 
Sodce  Snbcarbonas,  P.  L. 

Carbonate  of  soda  is  scarcely  ever  found  free  from  muriate 
and  sulphate  of  soda.  These  may  be  discovered  by  adding, 
to  a  little  of  the  carbonate  saturated  with  pure  nitric  acid, 
first  nitrate  of  baryta,  to  detect  sulphuric  acid,  and  afterward 
adding  to  the  filtered  liquor  a  few  drops  of  solution  of  nitrate 
of  silver,  to  ascertain  the  presence  of  muriatic  add;  or  the 
latter  impurity  will  be  indicated  at  once  by  a  solution  of  sut 
pb^te  of  silver.  Carbonate  of  potassa  will  be  shown  by  a  pf^ 
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cipitate  ensuing  on  the  addition  of  tartarie  acid  to  a  strong 
flotation  of  the  alkali;  for,  tliis  acid  forms  a  difficultly  solnble 
salt  with  potassa,  but  not  with  soda. 

XIII. — Solution  of  Carloiuite  of  Ammonia^ — LiqwrAnvmofiuB 
Carbonalisj  P.  L. 

This  should  have  the  specific  gravity  of  1.150;  should 
effervesce  on  the  addition  of  acids ;  and  should  afford  a  strong 
coagulum  on  adding  alcohol. 

XIV. — Carbonate  of  Ammonia^ — Ammonue  CarlonaSf  P.  //.' 

This  salt  should  be  entirely  volatilized  by  heat.  If  any 
thing  remain,  when  it  is  laid  on  a  heated  iron,  carbonate  of 
potassa  or  of  lime  may  be  suspected ;  and  these  impurities 
are  most  likely  to  be  present  if  the  carbonate  of  ammonia  be 
purchased  in  the  form  of  a  powder.  It  should  therefore  always 
be  bought  in  solid  lumps.  Sulphuric  and  muriatic  salts,  lime, 
and  iron,  may  be  discovered  by  adding  to  the  alkali,  saturated 
with  nitric  acid,  the  appropriate  tests  aheady  often  mentioned* 
It  is  liable  also  to  be  unintentionally  contaminated  with  oily 
or  carbonaceous  matter.     (Eklin.  Phil.  Journ.  vii.  303,  n.) 

XV. — Sohdion  of  pure  Ammonia  in  IVater^— ^Liquor 
ylmmonicBj  P.  L. — Strong  Spirit  of  Sal  Ammoniac. 

The  volatile  alkali,  in  its  purest  state,  exists  as  a  gas  con* 
densible  by  water,  and  its  solution  in  water  is  the  only  form 
under  which  it  is  applicable  to  useful^pnrposes.  This  solution 
should  contain  nothing  besides  the  volatile  alkali ;  the  alkali 
should  be  perfectly  free  from  carbonic  acid,  and  should  be 
combined  with  water  in  the  greatest  possible  proportion.  Tlie 
presence  of  other  salts  may  be  discovered  by  saturating  a  por- 
tion of  the  solution  with  pure  nitric  acid,  and  adding  the  tests 
for  su^huric  and  muriatic  acids.  Carbonic  acid  is  shown  by 
a  precipitation  on  miiung  the  solution  with  one  of  muriate  of 
lime;  for  this  earthy  salt  is  not  precipitated  by  pure  ammonia. 
The  experiment  should  be  made  in  a  closed  vial ;  for  the  vo- 
latile alkaliy  by  exposure  to  the  air,  quickly  gains  carbonic  acid 
moogh  to  beoome  a  predpitant  of  calcareous  solutions. .  The 
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beat  mode  of  determining}  the  strength  of  the  solmioa  k  by 
taking  it0  qpecifio  grayit/,  which,  at  GO''  Fahrenheit,  ehoiiU 
be  SB  .900,  or  thereabout^  to  1.000.  That  of  the  London 
PharmacopcBia  (edit  1815)  has  the  specific  gravity  of  0.960 ; 
And  i%  tbc^dbre^  Tery  mncb  short  of  the  full  strength. 

XWL—SpirU  o/Harlshom. 

This  may  be  coanterfeited  by  mixing  the  aqua  ammonue 
pur<B  with  the  distilled  spirit  of  hartshorn,  in  order  to  increase 
the  pungency  of  its  smell,  and  to  enable  it  to  bear  an  addition 
of  water.  The  fraud  is  detected  by  adding  alcohol  to  the 
sophisticated  spirit;  for,  if  no  considerable  coagulation  ensues, 
the  adulteration  is  proved.  It  may  also  be  discovered  by  the 
usual  effervescence  not  ensuing  with  acids.  The  solution 
Mhould  have  the  specific  gravity  of  1.500. 

XVIL*-&i/pAa/«  of  Sodot—SodiB  Stilpkas,  P.  JU-^ 
Glauber's  Salt. 

This  salt  ought  not  to  contain  an  excess  of  dither  acid  or 
alkali,  both  of  which  may  be  detected  by  the  proper  tests. 
Nor  should  it  be  mixed  with  earthy  or  metallic  salts,  the 
former  of  which  are  detected  by  carbonate,  and  the  latter  by 
prussiate  of  potassa.  Muriate  of  soda  is  discovered  by  adding 
nitrate  of  baryta  till  the  precipitate  ceases,  and  afterwards 
nitrate  of  silver,  or  more  simply  by  a  solution  of  sulphate  of 
ttWer«  Sulphate  of  poCaasa  is  discovered  by  its  more  sparing 
solubility.  The  sulphate  of  soda,  however,  being  itself  one  dT 
the  cheapest  salts,  there  is  little  risk  of  its  being  inlentionaliy 
sophisticated. 

XVIII. — Sulphate  of  Poiassa, — Polas$(B  Sulphas^  P.  L.— 
FUriolated  Tartar. 

The  purky  of  this  salt  may  be  ascertained  by  thd  same 
means  as  that  of  the  former  one..  The  little  value  of  dits  flak 
renders  it  pretty  sectnre  from  wilfiil  adulteration. 

XiX.— Nitrate  of  Potassay—Pota$3CB  Nitrus,  P.  L^^ 
Nitre  or  Salt  Petre. 

Nitiifte  of jX>taiia  i%  wkfa  great  iliffienky,  firted  etiO^ 
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common  salt ;  and  a  small  portion  of  the  latter^  except  for 
nice  dMmtcal  purposes)  id  ati  admi^turciof  little  imp^rtaMe. 
To  discover  its  presence^  a  solution  o£  nitrate  of  silver  must 
be  added  as  long  as  any  sediment  is  produced*  Tlie  precipi- 
tate waslied  and  driedf  must  be  weighed*  Every  hulidred 
grains  will  denote  about  42-^  of  common  salt. 

Sulphate  of  potassa  or  soda  may  be  discovered  by  nitrate  or 
muriate  of  baryta,  and  the  quantity  may  be  estimated  from 
the  w«f ght  of  the  predpitate. 

XXr^Muriaie  qf  Soda^'^Common  Sali. 

Common  salt  is  iK^rcely  ever  found  free  from  istAts  with 
earthy  bases,  chiefly  muriates  of  inagnesla  and  lime,  trhith 
are  contained  in  the  brine,  and  adhere  to  the  crystals.  Tho 
earths  may  be  precipitated  by  carbonate  of  soda,  and  the  pre-* 
cipitQted  lime  and  magnesia  may  be  separated  from  each  othei* 
by  the  rales  given  in  page  5S2. 

XXI^-^Muriaie  of  AmmmiOi^^'^mm&iikB  Marmif  F^Lf^^ 
Sal  jtmmmUtc. 

This  salt  ought  to  be  entirely  voIatUized^  by  a  low  beat, 
when  laid  on  a  heated  iron.  It  sometimes  contains  sulphate 
of  ammonia,  however,  which,  being  also  volatile,  cannot  be 
thus  detected.  To  ascertain  the  presence  of  the  latter  saltf 
add  the  muriate  or  nitrate  of  baryta^  which  will  indicate  the 
sulphate  by  a  copious  and  insoluble  precipitate. 

XXlL^-^Acetale  of  Potassdr^PoiasstB  AcelaSf  P.  L. 

Genuine  acetate  of  potassa  is  perfectly  solaUe  in  ib«r  tknes 
its  weight  of  alcohol,  and  may  thus  be  separated  from  other 
salts  that  are  insoluble  in  that  fluid.  TIic  tartrate  of  potassa 
(soluble  tarUir)  is  the  adulteration  most  likely  ta  be  enpfeyed. 
This  may  be  discovered  by  adding  a  aehitiin  of  tartarie  acidf 
which,  if  the  suspected  salt  be  present,  will  occasion  a  copious 
precipitate.  The  tartrate  is  also  detected  by  its  forming,  with 
acetate  of  lead  or  muriate  of  bnryta,  a  precipitate  sohible  in 
acetic  or  muriatic  acid ;  and  sulphates,  by  a  precipitate  with 
tfae  sane  f^nla^  iosolulile  in 
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XXllL-^Neuiral  Tartrate  of  Potassa^—Potassie  Tarires, 
P.  L.^Soluble  Tartar. 

This  salt  should  afford  a  very  copious  precipitate  on  adding 
tartario  acid.  The  only  salt  likely  to  be  mixed  with  it  is 
sulphate  of  soda,  which  may  be  detected  by  a  precipitate  with 
mnriated  baryta,  insoluble  in  dihited  muriatic  acid. 

XXIY. —Bi'tartrate  of  Potassa,—Potass6B  Superior tras, 
P.  Ij. — Cream  of  Tartar. 

The  only  substance  with  which  this  salt  is  likely  to  be  pur- 
posely adulterated  is  sulphate  of  potassa.  To  determine 
whether  this  be  present,  pour,  on  about  half  an  ounce  of  the 
powdered  crystals,  two  or  three  ounce-measures  of  distQled 
water;  shake  the  mixture  frequently,  and  let  it  stand  one  or 
two  hours.  The  sulphate  of  potassa,  being  more  soluble  than 
the  tartrate,  will  be  taken  up ;  and  may  be  known  by  the 
bitter  taste  of  the  solution,  and  by  a  precipitate,  on  adding 
muriate  of  baryta,  which  will  be  insoluble  in  muriatic  acid. 

.Bi-tartrate  of  potassa  frequently,  however,  contains  tartrate 
of  lime.  This  may  be  discovered  by  burning  a  portion  so  as 
to  destroy  the  acid ;  washing  off  by  water  the  carbonate  of 
potassa  which  is  formed;  and  then  acting  on  the  residue  with 
cliluted  muriatic  acid.  This  dissolves  the  carbonate  of  lime, 
if  any  be  present;  and  oxalate  of  ammonia,  added  to  the  solu- 
tion, precipitates  oxalate  of  lime. 

XXV. — Compound  Tartrate  of  Soda  and  Potassa^ — Soda 
Tartarizata^  P.  L. — Rochelle  or  Seignette^s  Salt. 

.Sulphate  of  soda,  the  only  salt  with  which  this  may  be  ex- 
pected to  be  adulterated,  is  discovered  by  adding  to  a  solution 
of  Rochelle  salt  the  acetate  of  lead  or  muriate  of  baryta. — 
The  former,  if  the  sulphate  be  present,  aifords  a  precipitate 
insoluble  in  acetous  add,  and  the  latter  one  insoluble  in  mu* 
riatic  acid. 

XXVI. — Sulphate  of  Magnesia, — Magnesice  Sulphas,  P.  L. — 
Epsom  Salt. 

This  salt  has  been  adulterated  with  sulphate  of 
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Glauber's  salt,  which  may  be  made  to  resemble  the  magnesian 
salt  in  appearance,  by  stirring  it  briskly  at  the  moment  when 
it  is  about  to  crystallize.  The  fraud  may  be  discovered  very 
readily  if  the  salt  consist  entirely  of  the  sulphate  of  soda, 
because  no  precipitation  will  ensue  on  adding  carbonate  of 
potasso.  If  only  a  part  of  the  salt  be  sulphate  of  soda,  detec- 
tion is  not  so  easy,  but  may  still  be  accomplished ;  for,  since 
100  parts  of  crystallized  sulphate  of  magnesia  give  between 
S5  and  36  of  the  dry  carbonate,  when  completely  decomposed 
by  about  57  of  sub-carbonate  of  potassa,  if  the  salt  under 
examination  aiFord  a  considerably  less  proportion,  its  sophis- 
tication may  be  fairly  inferred ;  or,  to  discover  the  sulphate  of 
soda,  precipitate  all  the  magnesia  by  pure  ammonia,  with  the 
aid  of  heat.  Decant  the  clear  liquor  from  the  precipitate^ 
filter  it,  and,  after  evaporation  to  dryness,  apply  such  a  heat 
as  will  volatilize  the  sulphate  of  ammonia,  when  that  of  soda 
will  remain  fixed,  and  every  10  grains  of  the  dry  residue  will 
indicate  about  22^  of  crystals. 

Muriate  of  magnesia  or  of  lime  may  be  detected  by  the 
salt  becoming  moist  when  exposed  to  the  air,  and  by  a  pre- 
cipitation with  nitrated  silver,  after  nitrate  of  baryta  has  sepa- 
rated all  the  sulphuric  acid  and  magnesia,  or  by  fumes  of 
muriatic  acid  arising  on  the  addition  of  a  little  sulphuric  acid. 
These,  if  in  very  small  quantity,  will  be  made  apparent  by 
a  stopper  moistened  with  liquor  of  ammonia.  Lime  is  dis- 
coverable by  a  white  precipitate  on  the  addition  of  liquid  car- 
bonate of  ammonia. 

Mr.  Brande  has  sometimes  found  amongst  Epsom  salt  a 
vei'y  considerable  proportion  of  the  triple  sulphate  of  mag- 
nesia and  potassa.  (Manual,  Vol.  i.  p.  599.)  It  may  be  known 
by  its  sparing  solubility,  and  by  the  rhomboidal  shape  of  its 
crystals;  by  occasioning  a  gritty  sensation  in  the  mouth ;  and 
by  being  less  bitter  tlian  the  magnesian  sulphate. 

XXVII. — Sulphate  of  Aluminaj  S^c^-^Alum. 

Perfectly  pure  alum  should  contain  neither  iron  nor  copper. 
The  former  is  manifested  by  adding,  to  a  solution  of  alum, 
prussiate  of  potassa,  and  the  latter  by  an  excess  of  pure  am- 
monia. 
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XXXVllh-^Sub^batoie  <ff  Soda,^SoidB  Aitm^  P.  h^ 

Borate  of  soda,  if  adulterated  at  all,  will  probably  be  so  with 
alum  or  fttsed  common  salt.  To  discover  these,  bonut  must 
be  dissolved  in  water,  and  its  excess  of  alkali  be  saturated  with 
nitric  acid.  Nitrate  of  barytn,  added  to  this  saturated  solu- 
tion, will  delect  the  sulphuric  salt,  and  nitrate  of  silrer  the 
common  salt. 

XXIX^^Sulphaie  of  btm^'^Fkrri  Sulphtu,  P.  L^^Qrmn 

rUriol. 

If  this  sftlt  should  contAin  copper,  which  is  the  only  admix- 
ture likely  to  be  found  in  it,  pure  Ammonia,  added  till  a  pre- 
cipitation ceases^  will  afford  a  blue  liquor.  Any  copper,  that 
may  chance  to  be  present,  may  be  separated,  and  the  salt  puri- 
fied, by  immersing  in  a  solution  of  it  a  clear  polished  plate 
of  iron. 

XXX^Oktss  of  Anlimomi. 

A  large  quantity  of  glass  otUdd  was  lately  introduced  into 
the  London  market,  as  glass  of  antimony.  To  discover  this 
criminal  imposition,  whenever  it  may  be  practised,  the  follow- 
ing distinctive  characters  of  the  two  substances  have  been  des- 
cribed by  Mr.  Luke  Howard.* 

Glass  of  antimony  has  a  rich  brown  or  reddish  colour,  with 
the  usual  transparency  of  coloured  glosses.  The  glass  of  lead 
is  of  a  deeper  and  duller  colour  against  the  light  t  is  much  less 
transparent;  and  even,  in  some  samples,  quite  opaque. 

The  specific  gravity  of  the  true  never  exceeds  4.95 ;  that  of 
the  spurious  or  lead  glass  is  6,96 ;  or,  in  round  numbers^  their 
comparative  weights  are  as  S  to  7. 

Let  twenty  grains  be  tubbed  fine  in  a  glass  mortar,  adding 
half  an  ounce  of  good  muriatic  acid.  The  true  dissolves  with 
an  hepatic  smell ;  the  solution  is  turbid,  but  has  no  sediment. 
The  spurious  turns  the  acid  yellow^  giving  out  an  odour  of 
chlorine^  and  leaves  much  sediment* 

-***^-***— "*— **^ ■■*   *  * -  ■"^-  -  - ^..>-.. ^.  J  J    .  .^,  J., -■ 
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Let  alittk  of  each  Kdution  be  ie|[>arately  dropp^  iuto  water. 
The  true  deposits  oxide  of  antimony  in  a  copious  white 
coagulum ;  or,  if  the  water  has  been  previously  tinged  with 
sulphuret  of  amrooniay  in  a  fine  orange  precipitate.  The 
spurious  gives  no  precipitate  in  water,  and,  in  the  other  liquid 
one  of  a  dark  brown  or  olive  colour. 

A  solution  of  the  spurious  in  distilled  vinegar  has  a  sweet 
taste,  together  with  the  other  properties  of  acetate  of  lead. 

A  very  small  mixture  of  the  spurious  may  be  detected  by  its 
debasing,  more  or  less,  the  bright  orange  colour  of  the  pre- 
cipitate thrown  down  by  the  sulphuret  of  ammonia  from  the 
solution  in  any  add* 

The  samples  of  the  spurious,  hitherto  detected,  are  of  a 
much  thicker  and  clumsier  cast  than  tlie  genuine;  but  the  ap- 
pearance is  not  to  be  trusted,  and  no  specimen  should  be 
allowed  to  pass  without  a  trial  either  of  the  specific  gravity  or 
chemical  properties. 

XXXI. — Tariarized  Anlimonyj-^Antimonmm  Tartarizalunij 
P.  L.'^Emetic  Tartar. 

A  solution  of  this  salt  should  afford,  with  acetate  of  lead, 
a  precipitate  perfectly  soluble  in  dilute  nitric  acid.  A  few 
drops  of  the  sulphuret  of  ammonia,, also^  added  to  its  solution, 
should  immediately  precipitate  a  gold  coloured  sulphuret  of 
antimony* 

XXXII. — Muriale    of  Mercurjfp — Hydrargj/ri    Oxymwrias^ 
P.  L. — Corrosive  Sublimate. — Bichloride  of  Mercury, 

If  there  be  any  reason  to  suspect  arsenic  in  this  salt,  the 
admixture  (which,  however,  is  not  likely  to  be  practised  ex- 
cept with  the  intention  of  its  acting  as  a  poison  of  even  greater 
virulence)  may  be  discovered  as  follows :-« Dissolve  a  small 
quantity  of  the  sublimate  in  distilled  water ;  add  a  solution  of 
carbonate  of  ammonia  till  the  precipitate  ceases,  and  filter 
the  solution.  If^  on  the  addition  of  a  few  drops  of  ammoniu- 
reted  copper*  to  this  solution,  a  precipitate  of  a  yellowish 
green  colour  is  produced,  the  sublimate  contains  arsenic. 


'  PrejfMirsd  hy  digesting  a  little  yerdegris  ia  the  solution  of  pure  amknouia. 
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XXXlIL-^Submuriaie  of  Merciirg^—Vrottxhloriie  of  Met- 
cwry^ — Hydrargyti  SulMnuriaSj  P.  L. — CalomeL 
Calomel  should  be  completely  saturated  with  mercury. 
This  may  be  ascertained  by  boiling,  for  a  few  minutes,  one 
part  of  calomel  with  -j-^d  part  of  muriate  of  ammonia  (sal  am- 
moniac) in  10  parts  of  distilled  water.  When  carbonate  of 
potassa  is  added  to  the  filtered  solution,  no  precipitation  will 
ensue  if  the  calomel  be  pure.  This  preparation,  when  rubbed 
in  an  earthen  mortar  with  pure  ammonia,  should  become  in- 
tensely black,  and  should  exhibit  nothing  of  an  orange  hue. 

XXXIV. — Mercury f  or  Quicksilver^ — Hydrargyrus,  P.  t- 

Scarcely  any  substance  is  so  liable  to  adulteration  as  mer- 
cury, owing  to  the  property  which  it  possesses  of  dissolving 
completely  some  of  the  baser  metals.  This  union  is  so  strong, 
that  they  even  rise  along  with  the  quicksilver  when  distilled. 
The  impurity  of  mercury  is  generally  indicated  by  its  dull 
aspect;  by  its  tarnishing  and  becoming  covered  with  a  coat  of 
oxide,  on  long  exposure  to  the  air;  by  its  adhesion  to  the 
surface  of  glass ;  and,  when  shaken  with  water  in  a  bottle,  by 
the  speedy  formation  of  a  black  powder.  Lead  and  tin  are 
frequent  impurities,  and  the  mercury  becomes  capable  of 
taking  up  more  of  these  if  zinc  or  bismuth  be  previously  added. 
To  discover  lead,  the  mercury  may  be  agitated  with  a  little 
water,  in  order  to  oxidize  that  metal.  Pour  off  the  water, 
and  digest  the  mercury  with  a  little  acetous  acid.  This  will 
dissolve  the  oxide  of  lead,  which  will  be  indicated  by  a  blackish 
precipitate  with  sulphureted  water.  Or,  to  this  acetous  solu- 
tion, add  a  little  sulphate  of  soda,  which  will  precipitate  sulphate 
of  lead,  containing,  when  dry,  68  per  cent*  of  metal.  If  only  a 
very  minute  quantity  of  lead  be  present,  in  a  large  quantity 
of  mercury,  it  may  be  detected  by  solution  in  nitric  acid  and 
the  addition  of  sulphureted  water.  A  dark  brown  precipitate 
will  ensue,  and  will  subside  if  allowed  to  stand  a  few  days. 
One  part  of  lead  may  thus  be  separated  from  15263  parts  of 
mercury.*     Bismuth  is  detected  by  pouring  a  nitric  solution, 

*  Accam  on  tho  Detection  of  Adultemtious,  in  Nicholson's  Jouraa!,4to. 
vol.  iv. 
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prepared  without  heat,  into  disdlled  water ;  a  white  preci- 
pitate will  appear  if  this  metal  be  present.  Tin  is  manifested, 
in  like  manner,  by.  a  weak  solution  of  muriate  of  gold,  which 
throws  down  a  purple  sediment ;  and  zinc,  by  exposing  the 
metal  to  heat. 

XXXV.;— JScd  Oxide  of  Mercury^ — Hydrargyri  Oxydum 
Rubrum,  P.  L. 

This  substance  is  rarely  found  adulterated,  as  it  would  be 
difficult  to  find  a  substance  well  suited  to  this  purpose.  If 
well  prepared,  it  may  be  totally  volatilized  by  heat. 

XXXVI. — Red  Oxide  of  Merairy  by  Nitric  Acidy — Hydrar- 
gyri Nitrico'Oxydum,  P.  L. — Red  Precipitale. 

This  is  very  liable  to  adulteration  with  minium,  or  red  lead. 
The  fraud  may  be  discovered  by  digesting  it  in  acetic  acid, 
and  adding  to  the  solution  sulphureted  water,  or  sulphuret  of 
ammonia,  either  of  which  produces,  with  the  compounds  of 
lead,  a  dirty  dark  coloured  precipitate ;  or  by  adding  sulphate 
of  soda,  which  throws  down  sulphate  of  lead.  This  oxide 
ought  to  be  totally  volatilized  by  heat. 

XXXVII. — White  Oxide  of  Merairy^ — Hydrargyrus  Prceci" 
pitatus  AlbuSy  P.  L. — JVIiite  Precipitate. 

White  lead  is  the  most  probable  adulteration  of  this  sub- 
stance and  chalk  may  also  be  occasionally  mixed  with  it. 
The  oxide  of  lead  may  be  discovered  as  in  the  last  article; 
and  chalk,  by  adding  to  the  dilate  solution  a  little  oxalic  acid. 

XXXVIII. — Red  Sulphureted  Oxide  of  Meratry, — Hydrar^ 
gyn  Sulpkureium  Rtibrumy  P.  L. — Factitious  Cimmbar. 

This  substance  is  frequently  adulterated  with  red  lead, 
which  may  be  detected  by  the  foregoing  rules.  Chalk  and 
dragon's  blood  arc  also  sometimes  mixed  with  it.  The  chalk 
is  discovered  by  an  effervescence  on  adding  acetic  acid^  and 
by  pouring  oxalic  acid  uito  the  acetous  solution.    Dragon's 
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blood  will  be  left  imTolatilised  when  tbe  sulpbofci  is  espoMd 
to  henr,  md  may  be  detected  by  its  giniiga  colour  to  oloohol| 
when  the  einoabcMr  is  digested  with  it* 

XXXIX.— jB^ci  Sulphureted  Oxide  of  Mercury^^EiUop*4 

Mineral. 

The  mercury  and  sulpbor,  in  this  preparation,  should  be 
so  intimately  combined,  that  no  globules  of  the  metal  can  be 
discovered  by  a  magnifier ;  and  that,  when  rubbed  on  gold, 
no  white  stain  may  be  communicated,  Tbe  admixture  of 
ivory-black  may  be  detected  by  its  not  being  wholly  volatilixed 
by  heat ;  or,  by  boiling  with  alkali  to  extract  the  sulphur,  and 
afterwards  exposing  the  residuum  to  beat,  which  ought  entirely 
to  evaporate* 

'XL.-^YeUow  Oxide  or  Sub-sulphate  ^Meratfy^'-^Hjfdrargyrus 
rUriolaius,  P.  L.-^Turbiih  Mineral. 

This  preparation  should  be  wholly  evaporable ;  and, 'when 
digested  with  distilled  water,  the  water  ought  not  to  take  up 
any  sulphuric  acid,  which  will  be  discovered  by  muriate  of 
baryta. 

XLI. — Fused  Nitrate  of  Silver, — Argenti  Nitras^  P.  L* — 
Lunar  Caustic. 

The  most  probable  admixture  with  this  substance  is  nitrate 
of  copper,  derived  from  the  employment  of  an  impure  silver. 
In  moderate  proportion  this  is  of  little  importance.  It  nay 
be  ascertained  by  solution  in  water,  and  adding  an  excess  of 
pure  ammonia,  which  will  detect  copper  by  a  deep  bine 
colour. 

The  watery  solution  of  lunar  caustic,  when  mingled  widi 
one  of  common  salt,  should  give  a  copious  curdy  precipitate. 

KhlL-^fV/iite  Oxide  of  Zinc, — Zinci  Oxydum,  P.  L.— 
Floweis  of  Zinc. 

Oxide  of  sine  may  be  adulterated  with  cbalkt  whiob  i»  dis« 
cov^rable  by  an  eflbrvescence  with  acetous  acidy  and  by  the 
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precipitotion  of  this  solation  with  oxalio  aoid.  Lead  is  detected 
by  addingi  to  the  acetous  soiutioni  sulpbureted  watert  or  sulr 
phuret  of  ammonia.  Arseni^  to  wbi^h  the  activity  of  this 
medipine  has  been  sometimes  ascribed,  is  detected*  also,  by 
sulphureted  water»  added  to  the  acetous  spUition  ;  but  in  this 
case  the  precipitate  has  a  yellow  colour,  aud^  when  laid  oq 
red-hot  charcoal,  givei  firnt  a  smell  of  sulphur,  and  afterwards 
of  arsenic 

XLIII. — IVhite  Carbonate  ofLead^ — Plumbi  Carlonas^  P,  Z^,— 

White  Lead. 

This  is  frequently  sophisticated  with  chalk  \  the  presence  of 
which  may  be  detected  by  cold  acetous  acid,  and  by  adding, 
to  this  solution,  oxalic  acid.  Carbonate  of  baryta  is  de- 
tected by  sulphate  of  soda  added  to  the  same  solution,  very 
largely  diluted  with  distilled  water;  and  sulphate  of  baryta, 
or  sulphate  of  lead,  by  the  insolubility  of  (he  cerussQ  in  boil- 
ing distilled  vinegar* 

XLIV.— -^ce/a/e  of  Lead f-^  Plumbi  Superacetas,  P^  L,— 
Svsar  oj  Lead. 

If  the  acetate  of  lead  should  be  adulterated  with  acetate  of 
lime  or  of  baryta,  the  former  may  be  detected  by  adding,  to  a 
very  dilute  solution,  the  oxalic  acid ;  and  the  latter  by  sul- 
phuric add,  or  solution  of  sulphate  of  soda,  poured  into  a  solu- 
tion very  largely  diluted  with  water.  Acetate  of  lead  ought 
to  dissolve  entirely  in  water,  and  any  thing  that  resists  solu- 
tion may  be  regarded  as  an  impurity. 

XLV. -^Sub-acetate  of  Copper^ — Mrugo^  P.  L. — Ferdegris. 

This  substance  is  scarcely  ever  found  pnre^  being  mixed 
with  pieces  of  copper,  grape>stalks,  and  other  impurities. 
The  amount  of  this  admixture  of  insoluble  substances  may 
be  ascertained  by  boiling  a  portion  of  Terdegris  with  12  or  14 
times  its  weight  of  distilled  vinegar,  allowing  the  undissolved 
part  to  settle,  and  aseertaining  its  amount.  Sulphate  of  cop- 
ier may  be  ^ete^ted  by  boiling  the  verdegris  with  water,  and 
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evaporating  the  solotion.  Crystals  of  acetate  of  copper  will 
first  separate^  and,  when  the  solution  has  been  farther  con- 
centrated, the  sulphate  of  copper  will  crystallize.  Or,  it  may 
be  discovered  by  adding,  to  the  solution  of  verdegris  in  dis- 
tilled vinegBLTy  muriate  of  baryta,  which  will  tlirow  down  a  very 
abundant  precipitate.  Tartrate  of  copper,  another  adulteration 
sometimes  met  with,  is  discovered  by  dissolving  a  little  of  the 
verdegris  in  acetic  acid,  and  adding  acetate  or  muriate  of  ba- 
ryta, which  will  afford,  with  the  tartaric  acid,  a  precipitate 
soluble  in  muriatic  acid. 

XLYL-^Crystallixed  Bin-acetate  of  Copper,— Distilled  or 
Crystallized  Verdegris* 

This  is  prepared  by  dissolving  common  verdegris  in  dis- 
tilled vinegar,  and  crystallizing  the  solution.  These  crystals 
should  dissolve  entirely  in  six  times  their  weight  of  boiling 
water,  and  the  solution  should  give  no  precipitation  with  so- 
lutions of  baryta ;  (or,  if  these  solutions  throw  down  a  pre- 
cipitate^ sulphate  of  copper  is  indicated.  This  impurity  may 
be  discovered  by  evaporating  the  solution  very  low,  and  se- 
parating the  crystals  of  acetate  of  copper.  Farther  evapo- 
ration and  cooling  will  crystallize  the  sulphate,  if  any  be 
present. 

XLVIL— Cerriona/e  of  MagnesiOf-^Common  Magnesta^-^ 
Magnesiie  CarbonaSf  P.  L. 

Carbonate  of  magnesia  is  most  liable  to  adulteration  with 
chalk ;  and,  as  lime  forms  with  sulphuric  acid  a  very  insoluble 
salt,  and  magnesia  one  very  readily  dissolved,  this  acid  may 
be  employed  in  detecting  the  fraud.  To  a  suspected  portion 
of  magnesia  add  a  little  sulphuric  acid,  diluted  with  eight  or 
ten  times  its  weight  of  water.  If  the  magnesia  should  entirely 
be  taken  up,  and  the  solution  should  remain  transparent,  it 
may  be  pronounced  pure,  but  not  otherwise.  Another  mode 
of  discovering  the  deception  is  as  follows: — Saturated  portion 
of  the  suspected  magnesia  with  muriatic  acid,  and  add  a  so- 
lution of  carbonate  of  ammonia.    If  any  lime  be  present,  it 


Digitized  by  VjOOQ IC 


81CT.  II.  DBTBCTION  OF  ADVVtBtLAttOTSI.  HM 

#iU  ibnh  an  iniblbbk  precipiutei  but  the  magnMia  will  remain 
in  sdlatiori. 

XLVllL^Pufe  Magn^shi-^Magn^si&t  P»  L.— Calcined 
Magnesia. 

.  Calcined  magnesia  may  be  ass^ed  by  the  same  tests  as  the 
^rbonate.  It  ought  not  to  effervesce  at  all  with  dilute  8ul«! 
pliuric  acid;  and)  if  the  earth  and  acid  be  put  together  into 
one  scale  of  a  balance,  no  diminution  of  weight  should  ensue  on 
inixihg  them  slowly  together.  It  should  be  perfectly  free  from 
taste,  and,  when  digested  with  distilled  water,  the  BItered 
liquor  should  manifest  no  property  of  lime-water.  Calcined 
magnesia,  however,  is  very  seldom  so  pure  as  to  be  totally  dis- 
solved by  diluted  sulphuric  acid ;  for  a  small  insoluble  residue 
generally  remains,  consisting  chiefly  of  siliceous  earth,  de- 
rived from  the  alkali.  The  solution  in  sulphuric  acid  when 
largely  diluted,  ought  not  to  afford  any  precipitation  with 
oxalate  of  ammonia. 

XLIX.-^SptH/  oftVine^  Akohibl^  and  Mthers. 

The  only  decisive  mode  of  ascertaining  the  purity  of  spirit 
of  wine  and  of  aethers,  is  by  determining  their  specific  gravity. 
Highly  rectified  alcohol  should  have  the  specific  gravity  of 
,800  to  1 .000 ;  rectified  spirit  of  wine  .835 :  proof  spirit  of  .930  { 
sulphuric  aether  .739;  and  as  found  in  the  shops  under  Uio 
name  of  aHier  recljficaius  it  ought  not  to  exceed  .750 ;  the 
spirilus  cBlherU  nUrici  (P.'L.  1815),  or  sweet  spirit  of  nitr^ 
.834.  The  sthers,  when  quite  pure,  ought  not  to  redden  the 
colour  of  litmus,  nor  ought  those  formed  from  sulphuric  acid 
to  give  any  precipitation  with  solutions  of  baryta. 

L. — Essential  or  Volatile  Oils, 

As  essential  oils  constitute  only  a  very  small  proportion  of 
the  vegetables  from  which  they  are  obtained,  and  bear  gene- 
rally a  very  high  price,  there  is  a  considerable  temptation  to 
adulterate  them.  They  are  found  sophisticated,  either  with 
cheaper  volatile  oils,  with  fixed  oils,  or  with  spirit  of  wine. 
The  fixed  oils  are  discovered  by  distillation  with  a  very  gentle 
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bestt  which  elerates  the  eteeotial  oils,  and  leaves  the  fixed 
ones.  Hiese  last  may,  also^  be  detected  by  moistening  a  little 
writing-paper  with  the  suspected  oil,  and  holding  it  before  the 
fire.  If  the  oil  be  entirely  essential,  no  stain  will  remain  on 
the  paper.  Alcohol,  also,  detects  the  fixed  oils,  because  it 
only  dissolves  the  essential  ones,  and  the  mixture  becomes 
milky.  The  presence  of  cheaper  essential  oils  is  discovered 
by  the  smell.  Alcohol,  a  much  cheaper  liquid  than  some  of 
the  most  costly  oils,  is  discovered  by  adding  water,  whicb,  if 
alcohol  be  present,  occasions  a  milkiness.  Vauquelin,  how- 
ever, finds  that  oil  of  bergamot  may  contun  eight  per  cenU  of 
alcohol  of  sp.  gr.  0^17  without  its  being  discoverable  when 
mixed  with  water.  He  has  noticed,  also^  some  other  pheno- 
mena attending  the  mutual  action  of  those  two  fluids.  (Ann. 
of  Phil.  vol.  xiii.  p.  Ixviii). 

LL— Olive  Oil. 

Tliis  oil  is  sometimes  adulterated  with  the  cheaper  oils  ob« 
tained  from  grains  and  seeds.  The  acid  pernitrate  of  mercury 
(prepared  by  dissolving,  in  the  cold,  six  parts  of  mercury  in 
seven  and  a  half  of  nitric  acid,  sp.  gr.  1.S6,  or  thereabouts) 
has  the  property  of  solidifying  or  congealing  in  a  few  hours 
genuine  oil  of  olives ;  while  it  leaves  the  oils  of  grains  almost 
entirely  liquid,  or  at  most  produces  a  precipitate  fi-om  them 
more  or  less  sparingly,  according  to  the  proportions  of  oils 
that  may  be  mixed  together.  Eight  parts  of  pernitrate  are 
suflBcient  to  congeal  92  parts  of  pure  olive  oiL  Mixtures  of 
the  genuine  oil  with  cheaper  oils  exhibit  only  a  slow  and  par- 
tial coagulation.  One-third  of  oil  of  grains  is  suflSdent  to  pre- 
vent the  mixture  firom  solidifying.  (Ann.  de  Chimie  et  de 
Phys.  xii.  58). 
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SECTION  HI. 

Application  of  Chemical  Tests  to  the  Uses  of  the  Farmer  and 
Country  Gentleman, 

The  benefits  that  might  be  derived  from  the  union  of  che- 
mical skill  with  the  extensive  obdervation  of  agricultural  facts, 
arc,  perhaps,  incalculable.  At  present,  however,  the  state  of 
knowledge  among  farmers  is  not  such  as  to  enable  them  to 
reap  much  advantage  from  chemical  experiments;  and  the 
chemist  has,  himself,  scarcely  ever  opportunities  of  applying 
his  Icnowledge  to  practical  purposes  in  this  way.  It  may 
perhaps,  however,  be  of  use,  to  ofier  a  few  brief  directions  for 
the  analysis  of  marls,  lime-stones,  &c. 

Art.  I. — Lime. 

It  is  impossible  to  lay  down  any  general  rules  respecting 
the  fitness  of  lime  for  the  purposes  of  agriculture ;  because 
much  must  depend  on  the  peculiarities  of  soil,  exposure,  and 
other  circumstances.  Hence  a  species  of  lime  may  be  ex- 
tremely well  adapted  for  one  kind  of  land,  and  not  for  another. 
All  that  can  be  accomplished  by  chemical  means  is  to  ascer- 
tain the  degree  of  purity  of  the  lime,  and  to  infer,  from  this,  to 
what  kind  of  soil  it  is  best  adapted.  Thus  a  lime,  which  con- 
tains much  argillaceous  earth,  is  better  adapted  than  a  purer 
one  to  dry  and  gravelly  soils ;  and  stiff  clayey  lands  require  a 
lime  as  free  as  possible  from  the  argillaceous  ingredient. 

To  determine  the  purity  of  lime,  let  a  given  weight  be  dis- 
solved in  dilnted  muriatic  acid.  Let  a  little  excess  of  acid  be 
added,  tliat  no  portion  may  remain  undissolved  owing  to  the 
deficiency  of  the  solvent.  .Dilute  with  distilled  water ;  let  the 
insoluble  part,  if  any,  subside,  and  the  clear  liquor  be  decanted. 
Wash  the  sediment  with  farther  portions  of  water,  and  pour 
it  upon  a  filter,  previously  weighed.  Dry  the  filter  and  ascer- 
tain its  increase  of  weight,  which  will  indicate  how  much  inso- 
luble matter  the  quantity  of  lime  submitted  to  experiment 
contained.  It  is  easy  to  judge  by  the  external  qualities  of  the 
insoluble  portion,  whether  argillaceous  earth  abounds  in  its 
composition. 

2  82 
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There  is  one  earth,  however,  lately  foand  in  several  lime- 
stones, which  is  highly  injurious  to  the  vegetation  of  plants, 
abd  is  not  discoverable  by  the  foregoing  process,  beinj^  equally 
with  lime,  soluble  in  muriatic  acid.  This  earth  is  magnesia, 
which,  by  direct  experiments,  has  been  ascertained  to  be 
-extremely  noxious  to  plants.  The  late  Mr.  Tennaot^  to 
ivhom  we  owe  this  fact,  was  informed,  that  in  the  neigfabonp- 
hood  of  Doncastcr  two  kinds  of  lime  were  employed,  one  of 
which  it  was  necessary  to  use  very  sparingly,  and  to  spread 
very  evenly ;  for  it  was  said,  that  a  large  proportion,  instead 
of  increasing,  diminished  the  fertility  of  the  soil ;  and  that, 
whenever  a  heap  of  it  was  left  in  one  spot,  all  fertility  was 
prevented  for  many  years.  Fifty  or  sixty  bushels  on  an  acre 
were  considered  to  be  as  much  as  could  be  used  with  advan* 
tage.  The  other  sort  of  lime,  which  was  obtained  from  a 
village  near  Ferrybridge,  though  considerably  dearer,  from  the 
distant  carriage,  was  more  frequently  employed,  on  account  of 
its  superior  utility.  A  large  quantity  was  never  found  to  be 
injurious ;  and  the  spots  which  were  covered  with  it,  instead 
of  being  rendered  barren,  became  remarkably  fertile.  On  ex- 
amining the  composition  of  these  two  species  of  lime,  the 
fertilizing  one  proved  to  consist  entirely  of  calcareous  earth, 
and  the  noxious  one  of  three  parts  lime  and  two  magnesia. 

The  presence  of  magnesia  in  lime  proved,  on  farther  in  vet* 
tigation)  to  be  a  very  common  occurrence*  The  magnesian 
lime-stone  appears  to  extend  for  SO  or  40  miles  from  a  little 
south-west  of  Worksop,  in  Nottinghamshire,  to  near  Ferry- 
bridge, in  Yorkshire,  and  it  has  also  been  found  at  Breedon, 
and  Matlock^  in  Derbyshire,  and  in  various  other  parts  of 
England.* 

The  magnesian  lime-stone,  according  to  Mr.  Tennant, 
may  easily  be  distinguished  from  that  which  is  purely  calca- 
reous, by  the  slowness  of  its  solution  in  acids,  which  is  so  con- 
siderable, that  even  the  softest  kind  of  the  former  is  much 
longer  in  dissolving  than  marble;  it  has  also  frequently  a  orya- 
tallized  structure ;  and  sometimes,  though  not  always^  small 
black  dots  may  be  seen  dispersed  through  it.    In  the  conn* 

*  See  PhiUips's  Geology  of  England  and  Wales,  page  80. 
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tries  where  this  lioie-stone  is  found,  the  lime  is  generally  dis- 
tinguished, from  its  effects  in  agriculture,  by  the  farmers,  as 
hot  UmCf  in  opposition  to  the  purely  calcareonsi  which  they 
term  mild. 

To  ascertain,  by  chemical  means,  the  composition  of  a 
lime  or  Ume-stone  suspected  to  contain  magnesia,  the  follow* 
ing  is  the  easiest,  though  not  the  most  accurate,  process, 
Procure  a  Florence  flask,  clean  it  well  from  oil  by  a  little 
8oap-le#«  or  salt  of  tartar  ai^d  quicklime  (nixed,  and  break  it 
ofi^  about  the  middle  of  the  body,  by  setting  fire  to  a  string 
tied  round  it  and  moistened  with  oil  of  turpentine.  Into  the 
bottom  part  of  this  flask  put  100  grains  pf  the  lime  or  lime* 
stone,  and  pour  on  it,  by  degrees,  half  an  ounce  of  strong 
sulphuric  acid.  On  each  affusion  of  acid  a  violent  efferyes^ 
cence  will  ensue;  when  this  ceases,  stir  the  acid  and  lime 
together  with  a  small  glass  tube,  or  rod,  and  place  the  flask 
in  an  iron  pan,  filled  with  sand.  Set  it  over  the  fire,  and 
continue  the  heat  till  the  mass  is  quite  dry.  Scrape  off  the 
dry  mass,  weigh  it,  and  put  it  into  a  wine  glass,  which  may 
be  filled  up  with  water.  Stir  the  mixture,  and  when  it  has 
stood  half  an  hour,  pour  the  whole  on  a  filtering-paper,  placed 
on  a  funnel,  and  previously  weighed.  Wash  the  insoluble 
part  with  water,  as  it  lies  on  the  filter,  and  add  the  washings 
to  the  filtered  liquor.  To  this  liquor  add  a  solution  of  half  an 
ounce  of  salt  of  tartar  in  water,  when,  if  magnesia  be  present, 
a  very  copious  white  sediment  will  ensue;  if  lime  only, 
merely  a  slight  milkiness.  In  the  former  case,  heat  the  liquor 
by  setting  it  in  a  tea-cup  near  the  fire;  let  the  sediment  sub- 
side; pour  off  the  clear  liquor,  which  may  be  thrown  away, 
and  wash  the  white  powder  repeatedly  with  warm  water* 
Then  pour  it  on  a  filter  of  paper,  the  weight  of  which  is 
known,  dry  it,  and  weigh.  The  result,  if  the  lime-stone  has 
been  submitted  to  experiment,  shows  how  much  carbonate  of 
magnesia  was  contained  in  the  original  stone,  or,  deducting 
eo  per  cent.f  how  much  pure  magnesia  100  parts  of  the  lime- 
atone  contained.  If  the  burnt  lime  has  been  used,  deduct 
from  the  weight  of  the  precipitate  60  per  cent,  and  the  rer 
matnder  will  give  the  weight  of  the  magnesia  in  each  100 
grains  of  the  burnt  lime. 
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Art.  IL-^Analysis  of  Marls. 

The  ingredient  of  marls,  on  which  their  fitness  for  agri- 
cultural purposes  depends,  is  the  carbonate  of  lime.  It  is 
owing  to  the  presence  of  this  earth  that  marls  eflfenresce  on 
the  addition  of  acids,  which  is  one  of  th^r  distinguishing 
characters.  In  ascertaining  whether  an  eiFervescence  takes 
place,  let  the  marl  be  put  into  a  glass,  partly  filled  with 
water,  which  will  expel  a  portion  of  air  contained  mechani- 
cally in  the  marl,  and  thus  obviate  one  source  of  fallacy. 
When  the  marl  is  thoroughly  penetrated  by  the  water,  add  a 
little  muriatic  acid,  or  spirit  of  salt.  If  a  discharge  of  air 
should  ensue,  the  marly  nature  of  the  earth  is  sufficiently 
established. 

To  find  the  composition  of  a  marl,  pour  a  few  ounces  of 
diluted  muriatic  acid  into  a  Florence  flask,  place  them  in  a 
scale,  and  let  them  be  balanced.  Then  reduce  a  few  ounces 
of  dry  marl  into  powder,  and  let  this  powder  be  carefully  and 
gradually  thrown  into  the  flask,  until,  after  repeated  additions, 
no  brther  effervescence  is  perceived.  Let  the  remainder  of 
the  powdered  marl  be  weighed,  by  which  the  quantity  pro- 
jected will  be  known.  Let  the  balance  be  then  restored. 
The  difference  of  weight  between  the  quantity  projected  and 
that  requisite  to  restore  the  balance,  will  show  the  weight  of 
air  lost  during  efiervescence.  If  the  loss  amount  to  1 3  per  cent. 
of  the  quantity  of  marl  projected,  or  from  Id  to  32  per  cent.^  the 
marl  assayed  is  calcareous  marl,  or  marl  ridi  in  calcareous 
earth. 

Clayey  marls,  or  those  in  which  the  argillaceous  ingredient 
prevails,  lose  only  8  or  10  per  cent,  of  their  weight  by  this 
treatment,  and  sandy  marls  about  the  same  proporticHi.  The 
presence  of  much  argillaceous  earth  may  be  judged  by  drying 
the  marl,  after  being  washed  with  spirit  of  salt,  when  it  will 
harden  and  form  a  brick. 

To  determine,  with  still  greater  precision,  the  quantity  of 
calcareous  earth  in  a  marl,  let  the  solution  in  muriatic  acid  be 
filtered,  and  mixed  with  a  solution  of  carbonate  of  potassa, 
till  no  farther  precipitation  appears.  Let  the  sediment  sub> 
side,  wash  it  well  with  water,   lay  It  on  a  filter,  previously 
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weighed,  and  dry  it.  The  weight  of  the  dry  mass  will  show 
how  much  carbonate  of  lime  the  quantity  of  marl  submitted 
to  experiment  contained. 

Aet.  llh'^jinalysis  (ff  Soils. 

Instructions  respecting  the  analysis  of  soils,  adapted  to  po- 
pular use,  may  be  found  in  Sir  H.  Davy's  Elements  of  Agri- 
cultural Chemistry.  Their  length  only  prevents  me  from  in- 
serting them  in  this  place ;  but  this  is  of  the  less  importance, 
as  they  form  part  of  a  work  which  ought  to  be  in  the  hands  of 
all  persons,  who  attempt  to  practise  agriculture  on  fixed  and 
scientific  prmciples. 
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APPENDIX, 

CONSISTING  OP 

VARIOUS   USEFUL  TABLES. 


CORRBSPONDBNCB   BBTWSBN   SNGLI8H   AND   FORBI6N 
WBI6HT8  AND   MBASUEBS.* 


Lr^Englisk  ff^ghts  and  Measures. 
Troy  Weights 

Pound.       Ounceiu     Drais.     Scruples.      Oraing.  Gnunmei. 

.     1     «      12  c=:  96  a  288   ex  6T60  =  378.96 
Is     8   SB     Ms     480  =s     81.08 
1   =       3  =       60  =       3.885 
1   9=       20  s       1.295 

1   =       0.06475 

AvoirdupoU  Weight 

Pound.       Oanccf.    Drnu.         Gralm.  Granmef. 

1      as     16  =  256  B  7000«  »  453.25 

1    s      16  S9     487.5  as     28.828 

1   c=       27.34375  s       1.7705 

Measures. 

Gal.  PioCi.    Goncff.      Drms.      Cub.  Inch.  Lilrei. 

1      =     8  s;s   128   R   1024  ^^  231.  »  S.7Q515 

1   =     10  rz:     128  =     28.875  «  0.47398 

1   =s         8  s       1.8047  »  0.02957 

Is       0.2256  SI  0.00396 

N.  B. — The  English  ale-gallon  contains  282  cubical  inches ; 

*  For  the  loott  complete  and  authentic  account  of  tbe  correspondencs 
between  English  and  forei^  weights  and  measures,  the  reader  is  referred 
to  the  last  edition  of  Dr.  Kelly's  Universri^  Cambist. 
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dry,  and  fuse  it  under  a  cover  of  tallow  in  a  capsule  placed  on 
charcoal.  A  button  of  pure  metallic  tin  will  remain  at  tbe 
bottom,  the  weight  of  which,  deducted  from  that  of  the  ore, 
indicates  the  proportion  of  oxygen. 

The  presence  of  tin  in  an  ore  is  indicated  by  a  purple  pre- 
cipitate, on  mixing  its  solution  in  muriatic  acid  with  one  of 
gold  in  nitro-nmriatic  acid. 

6.  Lead  ores  may  be  analyzed  by  solution  in  nitric  acid, 
diluted  with  an  equal  weight  of  water.  The  sulphur,  if  any, 
will  remain  undissolved.  Let  the  solution  be  precipitated  by 
carbonate  of  soda.  If  any  silver  be  present,  it  will  be  taken 
up  by  pure  liquid  ammonia.  Wash  off'  the  excess  of  am- 
monia by  distilled  water ;  and  add  concentrated  sulphuric 
acid,  applying  heat,  so  that  the  muriatic  acid  may  be  wholly 
expelled.  Weigh  the  calcined  suli)hate  of  lead^  and  for  every 
100  parts,  68  may  be  considered  as  lead. 

Chloride  of  lead  may  be  separated  from  chloride  of  silver 
by  its  greater  solubility  in  warm  water.  From  the  solution, 
iron  may  be  separated  by  prussiate  of  potassa,  and  the  solution 
decomposed  by  sulphuric  acid.  (Sec  Vauquelin's  Analysis  of 
<7alena,  Journ.  des  Mines,  No.  68 ;  Klaproth's  Analyses  of  Sul- 
phate and  Phosphate  of  Lead ;  Chenevix's  Analysis  of  Native 
Muriate  of  Lead,  Nicholson's  Journal,  4to.  vol.  iv. ;  Hatchett 
on  Bournonite  (an  ore  of  lead,  antimony,  and  copper),  Phil. 
Trans.  1B04 ;  and  Smithson  on  ditto,  Phil.  Trans,  1808,  and 
Annals  of  Phil.  xiv.  96.) 

7.  Merairy  may  be  detected  in  ores  that  are  supposed  to 
contain  it,  by  distillation  in  an  earthen  retort  widi  half  tlieir 
weight  of  iron  filings  or  dry  lime.  The  mercuiy,  if  any  be 
present,  will  rise  and  be  condensed  in  the  receiver.  See  Kla- 
proth's Analytical  Essays. 

8.  Ores  of'  zinc  may  be  digested  with  the  nitric  acid,  and 
the  part  that  is  dissolved  boiled  to  dryness^  again  dissolved 
in  the  acid,  and  again  evaporated.  By  this  means  the  iron, 
if  any  be  present,  will  be  rendered  insoluble  in  dilate  nitric 
acid,  which  will  take  up  the  oxide  of  zinc.  To  this  solution 
add  pure  liquid  ammonia,  in  excess,  which  will  separate  tbe 
lead  and  iron,  if  any  should  have  been  dissolved,  and  the  ex- 
cess of  alkali  will  retain  the  oxide  of  zinc.    This  may  be  pre* 
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cipitated  by  the  addition  of  an  acid,  or  by  the  evaporation  of 
the  solvent.  Silica,  also,  is  an  abundant  ingredient  of  some 
zinc  ores.  For  examples  of  analyses  of  ores  of  zinc,  see 
Smithson's  Analyses  of  Calamine,  Phil.  Trans.  1803;  Dr. 
Thomson's  Analysis  of  Blende,  Ann.  of  PhiK  iv.  94;  Berthier 
in  Silliman's  American  Journal,  ii«  319;  and  Cooper  in  Quar* 
terly  Journal,  ix.  191. 

9.  Antimonial  ores.  Dissolve  a  given  weight,  in  three  or 
four  parts  of  muriatic  and  one  of  nitric  acid.  This  will  take 
up  the  antimony,  and  leave  the  sulphur,  if  any.  On  dilution 
with  water,  .the  oxide  of  antimony  is  precipitated,  and  the 
iron  and  mercury  remain  dissolved.'  Lead  may  be  detected 
by  sulphuric  acid.  (See  Klaproth  on  the  Analysis  of  Auti< 
moniated  Silver  Ore,  vol.  i.  p.  560,  and  Hatchett  on  Bourno- 
nite,  Phil.  Trans.  1804-.) 

10.  Ores  of  arsenic' mnj  be  digested  with  nitro-muriaticacid, 
composed  of  one  part' nitric,  and  one  and  a  half  or  two  of 
muriatic  acid.  Evaporate  the  solution  to  one^fourth,  and 
add  water,  which  will  precipitate  the  arsenic.  The  iron  may 
afterwards  be  separated  by  ammonia.  (See  Chenevix,  Phi- 
losophical Transactions,  1801,  page215.) 

11.  Ores  of  bismuth  are  also  assayed  by  digestion  in  nitric 
acid  moderately  diluted.  The  addition  of  water  precipitates 
the  oxide,  but,  if  not  wholly  separated  at  first,  evaporate  the 
solution ;  after  which,  a  further  addition  of.  water  will  preci- 
pitate the  remainder.  (See  Analysis  of  an  Ore  of  Bismuth 
and  Silver,  in  Klaproth,  vol.  i.  page  554 ;  Mode  of  detecting 
a  small  Quantity  of  Silver  in  Bismuth,  Do.  pageSJ20.  c.) 

12.  Ores  of  cobalt  may  be  dissolved  in  nitro-muriatic  acid. 
Then  add  carbonate  of  potassa,  which  at  first  separates  iron 
and  arsenic.  Filter,  and  add  a  farther  quantity  of  the  carbo- 
nate, when  a  greyish  red  precipitate  will  fall  down^  which  is 
oxide  of  cobalt.  The  iron  and  arsenic  may  be  separated  by 
heat,  which  volatilizes  the  arsenic.  Cobalt  is  also  ascertained, 
if  the  solution  of  an  ore  in  muriatic  acid  gave  a  sympathetic 
ink.  (See-chap.  ix.  sect  27* — An  example  of  the  analysis  of 
an  ore  of  cobalt  may  be  seen  in  Klaproth.  vol.  i.  page  55^; 
and  of  sulphate  of  cobalt.  Do.  page  579.) 

13.  Ores  of  nickeU     Dissolve  them  in  nitric  acid^  and  add 
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to  the  solatton  pure  ammoniay  in  tach  proportion  that  the 
alkali  may  be  considerablj  in  excess.  This' will  precipitate  most 
other  metals,  and  will  retain  the  oxide  of  nickel  in  solntion, 
which  may  be  obtained  by  evaporation  to  dryness,  and  heating 
the  dry  mass  till  the  nitrate  of  ammonia  has  sablimed.  (See 
Berzelius  on  the  Methods  of  analyzing  Ores  of  Nickel,  Ann. 
of  Phil.  N.S.  iii.206.) 

14.  Ores  of  mangmiese.  The  earths,  and  several  of  the 
metals,  contained  in  these  ores,  may  first  be  separated  by 
diluted  nitric  acid,  which  does  not  act  on  highly  oxidized 
manganese.  The  ore  may  afterward  be  digested  with  strong 
muriatic  acid,  which  will*  take  up  the  oxide  of  manganese. 
Chlorine  gas  will  arise,  if  a  gentle  heat  be  applied,  and  may 
be  known  by  its  peculiar  smell,  and  by  its  discharging  the 
colour  of  wet  litmus  paper  exposed  to  the  fumes.  From  mu- 
riatic acid  the  manganese  is  precipitated  by  carbonate  of  soda, 
in  the  form  of  a  white  carbonate,  which  becomes  black  peroxide 
when  heated  in  a  crucible.  Ores,  suspected  to  contain  manga- 
nese, may  also  be  distilled  per  se,  or  with  sulphuric  acid,  when 
oxygen  gas  will  be  obtained.  Oxide  of  manganese  may  be  se- 
parated from  oxide  of  iron  by  solution  of  pure  potassa,  which 
takes  up  the  former  but  not  the  latter.  (See  the  analysis  of 
an  ore  of  manganese,  via  Immiday  in  Klaproth,  vol.  i.  p.  510; 
and  of  a  cobaltic  ore  of  manganese,  page  56^.) 

Ores  of  manganese  may  also  be  distinguished  by  the  colour 
they  impart  to  borax,  when  exposed  together  to  the  blow- 
pipe.* 

15.  Ore$  of  uranium.  These  may  be  dissolved  in  dilute 
nitric  acid,  which  takes  up  the  uranittc  oxide,  and  leaves  that 
of  iron ;  or  in  dilute  sulphuric  acid,  which  makes  the  same 
election ;  or,  if  any  iron  has  got  into  the  solution,  it  may  be 
precipitated  by  zinc.  Then  add  caustic  potassa,  which  throws 
down  the  oxide  of  zinc  and  uranium.  The  former  maybe 
separated  by  digestion  in  pure  ammonia,  which  leaves,  un- 
dissolved, the  oxide  of  uranium.  This,  when  dissolved  by 
dilute  sulphuric  acid,  affords,  on  evaporation,  crystals  of  a 
lemon  yellow  colour. 

•  See  chap.  ix.  sect.  14;  and  also  Thomsoa's  Annals,  iii.  319, 
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If  copper  be  present,  it  will  be  dissolved,  along  wilh  the 
zinc,  by  the  ammonia.  If  lead,  it  will  form,  with  sulphuric 
acid,  a  salt  much  less  soluble  than  the  sulphate  of  uranium, 
and  which,  on  evaporation,  will  therefore  separate  first.  (Sec 
Gregor  in  Annals  of  Philos.  v.  281 ;  Herschell,  same  work, 
N.  S.  iii.  99  ;  and  Phillips,  Do.  v.  570 

16.  Ores  of  Itingslen.  For  these  the  most  proper  treatment 
seems  to  be  digestion  in  nitro-muriatic  acid,  which  takes  up 
the  earths  and  other  metals.  The  tungsten  remains  in  the  form 
of  a  yellow  oxide,  distinguishable,  by  its  becoming  white  on 
the  addition  of  liquid  ammonia,  from  the  oxide  of  uranium. 
To  reduce  this  oxide  to  tungsten,  mix  it  with  an  equal  weight 
of  dried  blood,  heat  the  mixture  to  redness,  press  it  into 
another  crucible,  which  should  be  nearly  full,  and  apply  a 
violent  heat  for  an  hour  at  least.  (See  Klaproth's  Analytical 
Essays ;  D'Elhuyar  Mem.  de  TAcad.  de  Toulouse,  ii. ;  and 
Vauquelin,  Joum.  des  Mines,  No.  XIX.) 

17.  Ores  of  molyldenunu  Repeated  distillation  to  dryness^ 
with  nitric  acid,  converts  the  oxide  into  an  acid,  which  is  in* 
soluble  in  nitric  acid,  and  may  thus  be  separated  from  other 
metals,  except  iron,  from  which  it  may  be  dissolved  by  sul- 
phuric or  muriatic  acids.  The  solution  in  sulphuric  acid  is 
blue^  when  cold,  but  colourless,  when  heated,  lliat  in  mu* 
riatic  acid  is  only  blue^  when  the  acid  is  heated  and  con« 
centrated.  * 

Respecting  the  ores  of  the  remaining  metals,  suflScient  in- 
formation has  been  already  given  for  4ie  purposes  of  the  ge- 
neral student,  and  they  are  of  such  rare  occurrence,  that  it  is 
unnecessary  to  describe  them  more  in  detail.  It  may  be  pro- 
per, however,  to  state  where  the  best  examples  of  the  analysis 
of  each  may  be  found. 

18.  Ores  of  titanium.    G)nsult  Gregor,  in  Joum.  de  Phy 
sique,  xxxix.  72,  152 ;  Klaproth,  i.  496 ;  and  Cbenevix,  Ni- 
cholson's Journal,  v.  132. 

19.  Ores  of  tellurium.    See  Klaproth,  ii.  1. 

20.  Ores  of  chromium.     Vauquelin,  Ann.  de  Chim.  xxv. 

*  See  Uatchett's  Analysis  of  the  Carinthian  Molybdate  of  Lead,  Philo 
sophical  Traosactiofis^  1790 ;  and  Klaproth,  vol.  i«  pages  534, 538. 
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21.  Orescfcolumbiunu  Hatchett,  Phil.  Trans.  18W;  Ann. 
de  Cbimicy  xliii.  276. 

22.  Or^'i  o/"  palladium  and  rhodium,  VVollastoD,  Phil. 
Trans.  1805 ;  Baroel,  Quar.  Jonm.  xii. 

2S.  Ores  of  iridium  and  osmium.  Tennant,  Phil.  Trans. 
1804;  BarucI,  Quar.  Jonm.  ziL  247^ 

24.  Ores  of  cerium.  Hisenger  and  Berzelius,  and  Vauqueltn, 
Nicholson's  Journ.  8to.  xii. 

Art.  6. — Analyns  of  Ores  in  the  dry  way. 

To  analyze  ores  in  die  dry  way,  a  method  which  aflbrdsthe 
most  satisfactory  evidence  of  their  composition,  and  should 
always  precede  the  working  of  large  and  extensive  mines,  a 
more  complicated  apparatus  is  required. — An  assaying  fur 
nace,  with  muffles,  crucibles,  &c.,  is  absolutely  necessary. 
These  have  already  been  enumerated  iu  the  chapter  on  Ap|)a- 
ratus,  and  will  be  found  described  in  the  Explanation  of  the 
Plates.  Much  useful  information  respecting  the  composition 
of  minerals  may,  also,  be  gained  from  experiments  with  the 
blow«pipe.  Ample  directions  for  assays  of  this  kind  are  given 
in  a  Memoir  by  Haussman,  in  the  43d  volume  of  the  Philo* 
sophical  Magazine;  by  Guhn  in  the  11th  vol.  of  Dr.  Thom- 
son's Annals,  p.  40 ;  and  by  Berzelius,  in  a  work  expressly 
devoted  to  the  purpose,  which  has  been  lately  translated,  and 
published  with  valuable  additions,  by  Mr.  Children  (1  vol. 
8vo.  London,  1822).  To  this  work  I  refer  the  reader  for  a 
variety  of  details  which  require  attention  in  metallurgic  ex|)e- 
riments  with  the  blow-pipe.  In  the  Appendix,  a  table  will  be 
found,  exhibiting  the  Ap|>earances  of  the  different  earths  and 
metallic  oxides  under  that  instrument. 

The  reduction  of  an  ore  requires,  frequently,  previous 
roasting,  to  expel  the  sulphur  and  other  volatile  ingredients: 
or  this  may  be  effected,  by  mixing  the  powdered  ore  with 
nitre,,  and  projecting  the  mixture  into  a  crucible.  The  sul- 
phate of  potasiia,  thus  formed,  may  be  washed  off,  and  the 
oxide  must  be  reserved  for  subsequent  experiments. 

As  many  of  the  metals  retain  their  oxygen  so  forcibly,  that 
the  application  of  heat  is. incapable  of  expelling  it^  the  ad- 
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dition  of  inflammable  matter  becomes  expedient*  And,  to 
enable  the  reduced  particles  of  metal  to  agglutinate  and  form 
a  collected  mass,  instead  of  scattered  grains,  which  would 
otherwise  happen,  some  fusible  ingredient  must  be  added, 
through  which,  when  in  fusion,  the  reduced  metal  may  de- 
scend, and  be  collected  at  the  bottom  of  the  crucible.  Sub- 
stances that  answer  both  these  purposes  are  culled  fluxes. 
The  alkaline  and  earthy  part  of  fluxes  serve  also  another  end, 
viz.  that  of  combining  with  any  acid  which  may  be  attached  to 
a  metal,  and  which  would  prevent  its  reduction  if  not  separated. 

The  ores  of  different  melals,  and  different  ores  of  the  same 
metal,  require  different  fluxes*  To  offer  rules,  however,  for 
each  individual  case,  would  occupy  too  much  room  in  this 
work :  I  shall,  therefore,  only  state  a  few  of  those  fluxes  that 
are  most  generally  applicable. 

The  black  flux  is  formed,  by  setting  fire  to  a  mixture  of  one 
part  of  nitrate  of  potassa,  and  two  of  bi^tartrate  of  potassa ; 
which  affords  an  intimate  mixture  of  sub-carbonate  of  potassa 
with  a  fine  light  coal.  fVhiieflux  is  obtained  by  projecting 
into  a  red-hot  crucible  equal  parts  of  the  same  salts.  Two 
parts  of  common  salt,  previously  dried  in  a  crucible,  one  part 
of  dry  and  powdered  lime,  one  part  of  fluate  of  lime,  and  half 
a  part  of  charcoal;  or  400  parts  of  calcined  borax,  4-0  of  lime, 
and  50  of  charcoal ;  or,  two  parts  of  pounded  and  finely  sifted 
glass,  one  of  borux,  and  half  a  part  of  charcoal,  are  all  well 
adapted  to  the  purpose  of  fluxes.  The  ore,  after  being  roasted, 
if  necessary,  is  to  be  well  mixed  with  three  or  four  times  its 
weight  of  the  flux,  and  put  into  a  crucible,  with  a  little  pow- 
dered charcoal  over  the  surface.  A  cover  must  be  luted  on, 
and  the  crucible  exposed  to  the  necessary  heat  in  a  wind-fur- 
nace. Ores  of  iron  being  difficultly  reduced,  require  a  very 
intense  fire.  Those  of  silver  and  leatl  are  metallized  by  a 
lower  heat  The  metal  is  found  at  the  bottom  of  the  crucible, 
in  the  form  of  a  round  button. 

The  volatile  metals,  as  mercury,  zinc,  arsenic,  tellurium, 
and  osmium,  it  is  obvious,  ought  not  to  be  treated  in  the  above 
manner,  and  require  to  be  distilled  with  inflammable  matters 
in  an  earthen  retort. 

For  minute  instructions  respecting  the  analysis  of  every 
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tpede^  oTore^  both  io  the  kaoiid  and  dry  wap,  I  refier  to  the 
fecond  wiAume  of  Mr.  Kirwan's  Minendogy,  and  to  a  Treatise 
€0  the  General  Principiei  of  Chemical  Analysis,  translated 
from  the  French  of  Thenard,  bjr  Mr.  Children.  Tarioos  ex- 
cellent examples,  which  may  be  stodied  with  great  adtantage^ 
may  be  ioond  in  the  essays  of  Vanqoelin,  dispersed  throogh 
the  Annates  de  Chimie;  in  those  of  Mr.  Hatchett  and  Mr. 
Cheneirix,  fai  the  Philosophical  Transactioiis ;  of  Dr.  Kennedy, 
in  Nicholson's  Joomal;  and  of  Mr.  Klaproth,  in  the  work 
already  frequently  referred  to.  It  is  only,  indeed,  by  an  atten- 
tion to  these,  and  to  more  recent  models  of  chemical  skill  and 
accuracy  to  be  found  in  the  various  philosophical  journals, 
conjoined  with  the  practical  imitation  of  them,  that  fiicility  or 
certainty  in  the  art  of  analy»ng  minerals  can  be  acquired  : 
and  though  general  rules  are,  in  this  instance^  of  considerable 
utility,  it  is  impossible  to  frame  any  that  can  be  adapted  to  the 
infinite  variety  which  nature  presents  in  the  productions  of  the 
mineral  kingdom. 


Digitized  by  VjOOQIC 


sei 


CHAPTER  XV. 

APPLICATION  OF  CHEMICAL  TESTS  AND  RE-AGBNTSTO  VARIOUS 
USEFUL  PURPOSES. 


SECTION  I. 

Method  of  Detecting  Poisons. 

When  sudden  death  is  suspected  to  have  been  occasioned 
by  the  administration  of  poison,  either  wilfully  or  by  acci- 
dent|  the  testimony  of  the  physician  is  occasionally  required 
to  confirm  or  invalidate  this  suspicion.  He  may  also  be, 
sometimes  called  upon  to  ascertain  the  cause  of  the  noxious 
effects  arising  from  the  presence  of  poisonous  substances  in 
articles  of  diet;  and  it  may  therefore  serve  an  important  pur*, 
pose,  to  point  out  concisely  the  simplest  and  most  practicable 
modes  of  obtaining^  by  experiment,  the  necessary  informal 
tion. 

The  only  poisons,  however,  that  can  be  clearly  and  de« 
cisively  detected  by  chemical  means,  are  those  of  the  mineral 
kingdom.  Arsenic,  and  corrosive  sublimate^*  are  most  likely, 
to  be  exhibited  with  the  view  of  producing  death ;  and  lead 
and  copper  may  be  introduced  undesignedly,  in  several  ways^ 
into  our  food  and  drink.  The  continued  and  unsuspected 
operation  of  the  two  last  may  often  produce  effects  less  sud- 
den and  violent,  but  not  less  baneful  to  health  and  life,  than 
the  more  active  poisons;  and  their  operation  generally  in- 
volves, in  the  pernicious  coiisequences,  a  greater  number  of 
i^ufferers. 

*  I  use  the  term  arsenic,  instead  of  the  more  proper  one,  arsenious  acid; 
and  corrosive  sublimate,  for  bichloride  or  ozymariate  of  mercury ;  because 
the  former  terms  i^re  more  generally  understood. 

VOL.  II,  2  O 
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Abt.  L — Method  cf  disctmenmg  Anaac. 

When  the  caose  of  sodden  death  k  bdiered,  from  the 
^ymptoois  preceding  it,  to  be  the  adminiitnition  of  arsenic, 
the  contents  of  the  stomach  most  be  attentirdy  examined. 
To  eflect  this,  let  a  ligatnre  be  made  at  each  orifice^  the 
stomach  remored  entirely  from  the  bodj,  and  its  whole  con- 
tents washed  cnit  into  an  earthen  or  glass  TesseL  The  arsenic, 
on  account  of  its  greater  specific  graTity,  will  settle  to  the 
bottom,  and  may  be  obtained  separate,  after  washing  off  the 
other  substances  by  repeated  affiisioos  of  cold  water.  These 
washings  should  not  be  thrown  away,  till  the  presence  of  arse* 
nic  has  been  clearly  ascertained.  It  may  be  expected  at  the 
bottom  of  the  vessel  in  the  Ibrm  of  a  white  powder,  which 
must  be  carefully  collected,  dried  on  a  filter,  and  submitted 
to  experiment. 

(A)  Boil  a  small  portion  of  the  powder  with  a  few  ounces 
of  distilled  water,  in  a  clean  Florence  flask,  and  filter  the 
solution. 

(B)  To  this  solution  add  a  portion  of  water,  saturated 
with  sulphureted  hydrogen  gas.  If  arsenic  be  present,  a 
golden  yellow  sediment  will  fall  down,  which  will  appear 
sooner,  if  a  few  drops  of  acetic  acid  be  added. 

(C)  A  similar  effect  is  produced  by  the  addition  of  sul- 
phuret  of  ammonia,  or  hydro-sulphuret  of  potassa.* 

It  is  necessary,  however,  to  observe  that  these  tests  are  de- 
composed not  only  by  all  metallic  solutions,  but  by  the  mere 
addition  of  any  acid.  But  among  these  precipitates.  Dr. 
Bostock  assures  us,t  the  greatest  part  are  so  obviously  dif- 
ferent as  not  to  afford  a  probability  of  being  mistaken ;  the 
only  two,  which  bear  a  close  resemblance  to  it,  are  the  preci- 
pitate from  tartarized  antimony,  and  that  separated  by  an 
acid.  In  the  latter,  however,  the  sulphur  preserves  its  pe- 
culiar yellow  colour,  while  the  arsenic  presents  a  deep  shade 
of  orange;  but  no  obvious  circumstance  of  discrimination 
can  be  pointed  out  between  the  hydro-sulpburets  of  arsenic 


*  See  vol.  i.  page  370. 

t  Edinburgh  Medical  and  Surreal  Journal,  v.  16<j. 
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and  of  antimony.  Hence  Dr.  Bostock  concludes  that  sul- 
phureted  hydrogen  and  its  compounds  merit  our  confidence 
only  as  collateral  tests.  Tliey  discover  arsenic  with  great 
delicacy :  sixty  grains  of  water,  to  which  one  grain  only  of 
liquid  sulphuret  (hydrogureted  sulphuret?)  had  been  added, 
was  almost  instantly  rendered  completely  opaque  by  -gi^yth  of  a 
grain  of  the  white  oxide  of  arsenic  in  solution. 

(D)  To  a  little  of  the  solution  (A)  add  a  single  drop  of  a 
weak  solution  of  subcarbonate  of  polassa,  and  afterward  a  few 
drops  of  a  solution  of  sulphate  of  cop))cr.  The  presence  of 
arsenic  will  be  manifested  by  a  yellowish  gvecn  precipitate. 
Or  boil  a  portion  of  the  suspected  powder  with  a  dilute  so- 
lution of  pure  potassa,  and  with  this  precipitate  the  sulphate 
of  copper,  when  a  similar  appearance  will  ensue  still  more 
remarkably,  if  arsenic  be  present.  The  colour  of  this  pre- 
cipitate is  perfectly  characteristic.  It  is  that  of  the  pigment 
called  Scheele's  green.*  To  identify  the  arsenic  with  still 
greater  certainty,  it  may  be  proper,  at  the  time  of  making 
the  experiments  on  a  suspected  substance,  to  perform  similar 
ones,  as  a  standard  of  comparison,  on  what  is  actually  known 
to  be  arsenic.  Let  the  colour,  therefore,  produced  by  adding 
an  alkaline  solution  of  the  substance  under  examination,  to  a 
solution  of  sulphate  of  copper,  be  compared  with  that  ob- 
tained by  a  similar  admixture  of  a  solution  of  copper  with 
one  of  real  arsenic  in  alkali. 

The  proportions,  in  which  the  different  ingredients  are  em- 
ployed. Dr.  Bostock  has  found  to  have  considerable  influence 
on  the  distinct  exhibition  of  the  efiect.  Those,  which  he  has 
observed  to  answer  best,  were  one  of  arsenic,  three  of  potassa 
(probably  the  sub-carbonate  or  common  salt  of  tartar),  and 
five  of  sulphate  of  copper.  For  instance,  a  solution  of  one 
grain  of  arsenic,  and  tliree  grains  of  potassa,  in  two  drachms 
of  water,  being  mingled  with  another  solution  of  five  grains  of 
sulphate  of  copper  in  the  same  quantity  of  water,  the  whole 
was  converted  into  a  beautiful  grass  green,  from  which  a  co- 
pious precipitate  of  the  same  hue  slowly  subsided,  leaving  the 
supernatant  liquor  transparent  and  nearly  colourless.     The 


*  See  chap.  ix.  sect.  19. 
?0  2 
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same  materiak,  except  with  tbe  omission  of  the  arsenic,  I'^Dg 
employed  in  tbe  same  manner,  a  delicate  sky-blue  resoHed, 
so  diflerent  from  tbe  former,  as  not  to  admit  of  the  poaubility 
of  mistake.  In  this  way,  -^ih  of  a  grain  of  arwnic,  diffbsed 
throagb  rixty  grains  cf  water,  aflbrded,  by  the  addition  of 
sulphate  of  copper  and  potassa  in  proper  proportion^  a  dis- 
tinct precipitate  of  Scbeele's  green.  In  employing  this  test^ 
it  is  necessary  to  view  the  fluid  by  reflected  and  not  by  trans- 
mitted light,  and  to  make  the  examination  by  day-light.  To 
render  the  eflect  more  apparent,  a  sheet  of  white  paper  may 
be  placed  behind  the  glass  in  which  the  mixed  fluids  are  con- 
tained ;  *  or  the  precipitation  may  be  eflected  by  mixing  the 
fluids  on  a  piece  of  writing  paper. 

(E)  The  sediments,  produced  by  any  of  the  foregoing  ex- 
periments, may  be  collected^  dried,  and  laid  on  red-hot  char- 
coaK  A  smell  of  sulphur  will  first  arise,  and  will  be  followed 
by  that  of  garlic. 

(F)  A  process  for  detecting  arsenic  has  been  proposed  by 
Mr.  Hume,  of  London,  in  the  Philosophical  Magazine  for 
May,  1809,  vol.  xxxiii.  The  test,  which  he  has  suggested,  is 
the  fused  nitrate  of  silver  or  lunar  caustic,  which  he  employs 
in  the  following  manner :  f 

Into  a  clean  Florence  oil  flask,  introduce  two  or  three 
grains  of  any  powder  suspected  to  be  arsenic ;  add  not  less 
than  eight  ounce-measures  of  either  rain  or  distilled  water; 
and  heat  this  gradually  over  a  lamp  or  a  clear  coal  fire,  till  the 
solution  begins  to  boil.  Then,  while  it  boils,  frequently  shake 
the  flask,  which  may  be  readily  done  by  wrapping  a  piece  of 
leather  round  its  neck,  or  putting  a  glove  upon  the  hand. 
To  the  hot  solution,  add  a  grain  or  two  of  sub-carbonate  of 
potassa  or  soda,  agitating  the  whole  to  make  the  mixture  uni- 
form. 

In  the  next  place,  pour  into  an  ounce  phial  or  a  small 
wine  glass  about  two  table  spoonfuls  of  this  solution,  and  pre- 
sent, to  the  mere  surface  of  the  fluid,  a  stick  of  dry  nitrate  of 
silver  or  lunar  caustic.  If  there  be  any  arsenic  present,  a 
beautiful  yellow  precipitate  will  instantly  appear,  which  will 

*  Lib.  citat.  p.  170. 

t  London  Medical  and  PhysicalJournai,  xuii.448. 
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proceed  from  the  point  of  contact  of  the  nitrate  with  the  fluid; 
and  settle  towards  the  bottom  of  the  vessel  as  a  flocculent  and 
copious  precipitate. 

The  nitrate  of  silver,  Mr.  Hume  finds^  also,  acts  very  sen- 
sibly upon  arsenate  of  potassa^  and  decidedly  distinguishes  this 
salt  from  the  above  solution  or  orsenile  of  potassa ;  the  colour 
of  the  precipitate^  occasioned  by  the  arsenaie,  being  much 
darker  and  more  inclined  to  brick-red.  In  both  cases,  he  is 
of  opinion  that  the  test  of  nitrate  of  silver  is  greatly  superior 
to  that  of  isulphate  of  copper ;  inasmuch  as  it  produces  a  much 
more  copious  precipitate,  when  equal  quantities  are  submitted 
to  experiment.  The  tests  he  recommends  to  be  employed  in 
their  dry  state,  in  preference  to  that  of  solution;  and  that  the 
piece  of  salt  be  held  on  the  surface  only. 

A  modified  application  of  this  test  has  since  been  proposed 
by  Dr.  Marcet,  whose  directions  are  as  follow.  Let  the  fluid, 
suspected  to  contain  arsenic,  be  filtered ;  let  the  end  of  a 
glass  rod,  wetted  with  a  solution  of  pure  ammonia,  be  brought 
into  contact  with  diis  fluid,  and  let  the  end  of  a  clean  rody 
similarly  wetted  with  solution  of  nitrate  of  silver,  be  immersed 
in  the  mixture.  If  the  minutest  quantity  of  arsenic  be  pre- 
sent,  a  precipitate  of  a  bright  yellow  colour  inclining  to  orange 
will  appear  at  the  point  of  contact,  and  will  readily  subside  to 
the  bottom  of  the  vesseh  As  this  precipitate  is  soluble  in 
ammonia,  the  greatest  care  is  necessary  not  to  add  an  excess 
of  that  alkali.  The  acid  of  arsenic,  with  the  same  test,  affords 
a  brick*red  precipitate.* — Mr.  Hume,  it  may  be  added,  now 
prepares  his  test  by  dissolving  a  few  grains,  say  ten,  of  lunar 
caustic  in  nine  or  ten  times  its  weight  of  distilled  water;  pre- 
cipitating by  liquid  ammonia ;  and  adding  cautiously,  and  by 
a  few  drops  at  once,  liquid  ammonia,  till  the  precipitate  is  re^ 
dissolved,  and  no  longer.  To  obviate  the  possibility  of  any 
excess  of  ammonia,  a  small  quantity  of  the  precipitate  may  be 
left  undissolved.  To  apply  this  test,  nothing  more  is  required 
than  to  dip  a  rod  of  glass  into  this  liquor,  and  then  touch 
with  it  the  surface  of  a  solution  supposed  to  contain  arsenic^ 
which  will  be  hidicatcd  by  a  yellow  precipitate. 


*  Med.  Cbir.  Tran^*  ii«  16^. 
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Mr.  Sylvester  has  objected  to  this  test,  that  it  will  not  pro- 
duce the  expected  appearance,  when  common  salt  is  present. 
He  has,  therefore,  proposed  the  red  acetate  of  iron  as  a  belter 
test  of  arsenic,  with  which  it  forms  a  bright  yellow  deposit; 
or  the  acetate  of  copper,  which  affords  a  green  precipitate. 
Of  the  two,  he  recommends  the  latter  in  preference,  but  ad- 
vises that  both  should  be  I'esorted  to  in  doubtful  cases.*  Dr. 
Marcet,  however,  has  replied,  that  the  objection  arising  from 
the  presence  of  common  salt  is  easily  obviated ;  for  if  a  little 
diluted  nitric  acid  be  added  to  the  suspected  liquid,  and  then 
nitrate  of  silver  very  cautiously  till  the  precipitate  ceases,  the 
muriatic  acid  will  be  removed,  but  the  arsenic  will  remain  in 
solution,  and  the  addition  of  ammonia  will  produce  the  yellow 
precipitate  in  its  characteristic  form.  It  is  scarcely  necessary 
to  add  that  the  quantity  of  ammonia  must  be  sufficient  to 
saturate  any  excess  of  nitric  acid  which  the  fluid  may  con- 
tain.t 

A  more  important  objection  to  nitrate  of  silver  as  a  test  of 
arsenic  Is,  that  it  affords,  with  the  alkaline  phosphates,  a  pre^ 
cipitate  of  phosphate  of  silver,  scarcely  distinguishable  by  its 
colour  from  the  arseniate  of  that  metal,  t  In  answer  to  this, 
it  is  alleged  by  Mr.  Hume,§  that  the  arsenite  of  silver  may 
be  discriminated  by  a  curdy  or  flocculent  figure^  resembling 
that  of  fresh  precipitated  muriate  of  silver,  except  that  its 
colour  is  yellow ;  while  the  phosphate  is  smooth  and  homo- 
geneous. The  better  to  discriminate  these  two  arseuites,  he 
advises  two  parallel  experiments  to  be  made,  upon  sqiarate 
pieces  of  clean  writing  paper,  spreading  on  the  one  a  little  of 
the  fresh  prepared  arsenite,  and  on  the  other  a  little  of  the 
phosphate.  When  these  are  suffered  to  dry,  the  phosphate 
will  gradually  assume  a  black  colour,  or  nearly  so,  while  the 
arsenite  will  pass  from  its  original  vivid  yellow  to  an  Indian 
yellow,  or  nearly  a  fawn  colour. 

Dr.  Paris  conducts  the  trial  in  the  following  manner :  drop 
the  suspected  fluid  on  a  piece  of  white  paper,  making  with  it 
a  broad  line;  along  this  line  a  stick  of  lunar  caustic  is  to  be 


•  33  Nicb.  Journ.  306.  f  Pliil.  Mag.  xH.  124. 

I  Tlioinson*s  Aunals,  viii.  152.  §  Med.  and  Phys.  Journ.  Jan.  1818. 
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slowly  drawn  several  times  successively,  when  a  streak  will 
appear  of  the  colour  resembling  that  known  by  the  name  of 
Indian  yellow.  This  is  equally  produced  by  arsenic  and  by 
an  alkaline  phosphate,  but  the  one  from  arsenic  is  roughs 
curdy,  and  flocculent,  like  that  from  a  crayon ;  that  from  a 
phosphate  is  homc^eneous  and  uniform,  resembling  a  water 
colour  laid  smoothly  on  with  a  brush.  But  a  more  important 
and  distinctive  pec^uliarity  soon  succeeds ;  for  in  less  than  two 
minutes  the  phosphoric  yellow  fades  into  a  sad  green,  and  be- 
comes gradually  darker,  and  ultimately  quite  black,  while  on 
the  other  hand  the  arsenic  yellow  continues  permanent,  or 
nearly  so,  for  some  time,  and  then  becomes  brown.  In  per- 
forming this  experiment,  thq  sunshine  should  be  avoided,  or 
the  change  of  colour  will  take  place  too  rapidly.  (Ann.  of 
Phil.  X.  60.)  The  author  of  the  Loudon  Dispensatory  adds, 
that  the  test  is  improved  by  brushing  the  streak  lightly  over 
with  liquid  ammonia  immediately  after  the  application  of  die 
caustic,  when,  if  arsenic  be  present,  a  bright  queen's  yellow  is 
produced,  which  remains  permanent  for  nearly  an  Lour;  but 
that  when  lunar  caustic  produces  a  while  yellow  before  the 
ammonia  is  applied,  we  may  infer  the  presence  of  some  alka- 
line phosphate  rather  than  of  arsenic. 

(G)  Mr.  Smithson  proposes  to  fuse  any  powder  suspected 
to  contain  arsenic  with  nitre;  this  produces  arseniate  of  po- 
tassa,  of  which  the  solution  afibrds  a  brick  red  precipitate 
with  nitrate  of  silver.  In  cases  where  any  sensible  portion  of 
the  alkali  of  the  nitre  has  been  set  free,  it  must  be  saturated 
with  acetous  acid,  and  the  saline  mixture  dried  and  re-dissolved 
in  water.  So  small  is  the  quantity  of  arsenic  required  for  this 
mode  of  trial,  that  a  drop  of  solution  of  oxide  of  arsenic  in 
water  (which  at  S'^^  Fahr.  may  be  estimated  to  contain  ~^tli 
its  weight  of  the  oxide),  mixed  with  a  little  nitrate  of  potassa, 
and  fused  in  a  platinum  spoon,  affords  a  very  sensible  quan- 
tity of  arseniate  of  silver.  (Ann.  of  Phil.  N.  S.  iv.  127.) 

(H)  Dr.  Cooper,  President  of  Columbia  College,  finds  a 

solution  of  chromate  of  potassa  to  be  one  of  the  best  tests  of 

arsenic.    One  drop  is  turned  green  by  the  fourth  of  a  grain 

of  arsenic,  by  two  or  three  drops  of  Fowler's  mineral  solution, 

,  or  any  other  arsenite  of  potassa.    The  arsenious  acid  lakes 
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L  Earths.  The  .term  earthy  we  may  use  with  Mr.  Kirwan, 
to  denote  a  tasteless,  inodorous,  dry,  brittle,  uninflammable  sub- 
stance, whose  specific  gravity  does  not  exceed  4.9  (i.  e.  which 
is  never  five  times  heavier  than  water),  nnd  which  gives  no 
tinge  to  borax  in  fusion.  Some  exceptions  to  this  definition 
are  afforded  by  the  strong  taste  of  certain  earths,  and  the 
solubility  of  others ;  but  since  a  line  must  be  drawn  between 
salts  and  earths,  it  may  begin  where  solution  is  scarcely  per- 
ceptible; salts  terminating,  and  earths,  in  strictness,  com- 
mencing, where  the  weight  of  the  water,  requisite  for  the  so- 
lution, exceeds  that  of  the  solvent  1000  times.  Not  to  depart, 
however,  too  widely  from  the  commonly  received  import  of 
words  that  are  in  constant  use,  substances  that  require  100 
times  their  weight  of  water  to  dissolve  them,  and  have  the 
other  sensible  properties  of  earths,  may  be  so  styled  in  a  loose 
and  popular  sense. 

The  simple^  or  primilive  earths^  are  those  which  can  only 
be  resolved  into  oxygen  and  a  metallic  basis.  Such  are  lime, 
magnesia,  alumina,  silica,  &c« 

The  compound  earth  are  composed  of  two  or  more  primi- 
tive earths,  united  chemically  together.  Sometimes  the  union 
of  an  earth  with  an  acid  constitutes  what  in  common  language 
is  called  an  earth ;  as  in  the  examples  of  sulphate  of  barytn, 
fluatcof  lime,  &c. 

II.  Salts.  Under  this  head  may  be  arranged  all  those  sub- 
stances tliat  require  less  than  100  times  their  weight  of  water 
to  dissolve  them.  This  description,  though  by  no  means  so 
amply  characteristic  of  the  class  of  salts  as  to  serve  for  an 
exact  definition,  is  sufiicient  for  our  present  purpose. 

III.  By  inflammablb  fossils,  the  same  author  observes, 
are  to  be  understood  all  those  of  mineral  origin,  whose  prin- 
cipal character  is  inflammability ;  a  criterion  which  excludes 
the  diamond  and  metallic  substances,  though  also  susceptible 
of  combustion. 

IV.  Metallic  substances  are  sufficiently  characterized 
by  the  external  properties  enumerated  in  Chapter  IX.  Those 
on  which  nature  has  bestowed  their  proper  metollic  appear- 
ance, or  which  are  alloyed  only  with  other  metals  or  semi- 
metals,  are  called  native  metals.     But  those  that  are  distin- 
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guisbed,  as  they  commonly  are  in  mines,  by  combination  with 
some  other  unmetallic  substances,  are  said  to  be  mineralized^ 
The  substance  that  sets  them  in  that  state  is  called  a  minera* 
lizer ;  and  the  compound  of  both,  an  ore.  Thus,  in  the  most 
common  ore  of  copper,  this  metal  is  found  combined  with 
sulphur.  The  copper  may  be  said  to  be  mineralized  by  oxy- 
gen and  sulphur,  and  the  compound  of  the  two  bodies  is 
called  an  ore  of  copper. 

Art.  I. — Method  of  examining  a  Mineral^  the  Composition  of 
which  is  unknown. 

A  MINERAL  substance,  presented  to  our  examination  with- 
out any  previous  knowledge  of  its  composition,  should  first  be 
referred  to  one  of  the  above  four  classes,  in  order  that  we  may 
attain  a  general  knowledge  of  its  nature,  before  proceeding  to 
analyze  it  minutely. 

I.  To  ascertain  whether  the  unknown  mineral  contain  saline 
matter,  let  100  grains,  or  any  other  determinate  quantity,  in 
the  state  of  fine  powder,  be  put  into  a  bottle,  and  shaken  up 
repeatedly  with  SO  times  its  weight  of  water,  of  the  tempera- 
ture of  120°  or  130°.  After  having  stood  an  hour  or  two, 
pour  the  contents  of  the  bottle  on  a  filtering  paper,  previously 
weighed  and  placed  on  a  funnel.  When  the  water  has  drained 
off,  dry  the  powder  on  a  filtering  paper,  in  a  heat  of  about 
212°:  and,  when  dry,  let  the  whole  be  accurately  weighed. 
If  the  weight  be  considerably  less  than  the  joint  weight  of  the 
powder  before  digestion  and  the  filtering  paper,  we  may  infer 
that  some  salt  has  been  dissolved,  and  the  decrease  of  weight 
will  indicate  its  quantity. 

In  certain  cases  it  may  be  advisable  to  use  repeated  por- 
tions of  boiling  water,  when  the  salt  suspected  to  be  present  is 
difficult  of  solution. 

Should  the  mineral  under  examination  be  proved,  by  the 
foregoing  experiment,  to  contain  much  saline  matter,  the  kind 
and  proportion  must  next  be  determined,  by  rules  which  will 
hereafter  be  laid  down. 

II.  The  second  class,  viz.  earthy  bodies,  are  distinguished 
by  their  insolubility  in  water,  by  their  freedom  from  taste,  by 
their  uninflammability,  and  by  their  specific   gravity  never 
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2.  If  after  boiling  and  filtration  through  paper,  as  well  as 
before,  a  mineral  acid  is  the  solvent. 

3.  If,  by  the  boiling,  a  yellowish  powder  be  precipitated, 
and  yet  galls  continue  to  strike  the  water  blacky  the  iron, 
as  often  happens,  is  dissolved  both  by  carbonic  acid  and  by  a 
fixed  acid.  A  neat  mode  q(  applying  the  gall-test  was  used 
by  M.  Klaproth,  in  his  analysis  of  the  Carlsbad  water ;  a 
slice  of  the  gall-nut  was  suspended  by  a  silken  thread  in  a 
large  bottle  of  the  recent  water,  and  so  small  was  the  quantity 
of  iron,  that  it  could  only  be  discovered  in  water  fresh  from 
the  spring,  by  a  slowly-formed  and  dark  cloud,  surrounding 
the  re-agent.* 

It  has  been  remarked  by  Mr.  R.  Phillips,  that  the  presence 
of  carbonate  of  lime  modifies  considerably  the  action  of  the  gall 
test  on  iron.  When  the  iron  is  at  the  minimum  of  oxidation, 
it  rather  heightens  the  colour  produced  by  this  test ;  but  when 
the  metal  is  in  the  state  of  per-oxide,  it  diminishes  the  efiect 
so  much,  tliat  a  very  minute  quantity  of  iron  may  elude  en- 
tirely the  action  of  the  gall  test.  An  ounce  measure  of  solu- 
tion of  carbonate  of  lime,  containing  ^^'^^  th  of  a  grain  of 
protoxide  of  iron,  was  sensibly  affected  by  tincture  of  galls ; 
but  the  same  proportion  of  protoxide,  by  being  converted  into 
peroxide,  ceased  any  longer  to  affect  the  test.  (See  Children's 
Translation  of  Thenard,  p.  250.) 

IV. — Sulphuric  Acid. 

1.  Sulphuric  acid  discovers,  by  a  slight  effervescence,  the 
presence  of  carbonic  acid,  whether  uncombined  or  united  with 
alkalis  or  earths. 

2.  If  lime  be  present,  whether  pure  or  uncombined,  the 
addition  of  sulphuric  acid  occasions,  after  a  few  days,  a  white 
precipitate.  If  from  a  mineral  water,  which  has  been  well 
boiled,  the  addition  of  sulphuric  acid  extricates  sulphureted 
hydrogen  gas,  Mr.  Westrumb  infers  the  presence  of  hydro- 
sulphuret  of  lime.  In  this  case,  sulphate  of  lime  is  precipi- 
tated.t 

*  Klaproth,  vol.  i,  page  S70.  f  Nicholson's  Journal,  xviii.  40. 
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S.  Baryta  is  precipitated  instantly,  in  the  form  of  a  white 
powder. 

4.  Nitric  and  muriatic  salts,  in  a  dry  state,  or  dissolved  in 
very  little  water,  on  adding  sulphuric  acid,  and  applying  heat, 
are  decomposed;  and  if  a  stopper,  moistened  with  solution  of 
pure  ammonia,  be  held  over  the  vessel,  white  clouds  will 
a|^an  For  distinguishing  whether  nitric  or  muriatic  acid 
be  the  cause  of  this  appearance,  rules  will  be  given  hereafter. 

5.  Sulphuric  acid  is,  also,  a  delicate  test  of  the  presence  of 
vegetable  or  carbonaceous  matter.  When  to  any  water  con- 
taining it,  sulphuric  acid  is  added,  and  the  water  is  evaporat- 
ed, it  acquires  a  distinct  brown  colour,  which  becomes  deeper 
as  the  liquor  becomes  more  concentrated. 

V. — Nilric  and  Niirous  Acids. 

Tliese  acids,  if  they  occasion  effervescence,  give  the  same 
indications  as  the  sulphuric.  The  fuming  red  nitrous  acid 
has  been  recommended  as  a  test  distinguishing  between 
hepatic  waters  that  contain  hydro-sulpluiret  of  potassa,  and 
those  that  contain  only  sulphureted  hydrogen  gas.  In  the 
former  case,  a  precipitate  ensues  on  adding  nitrous  acid,  and 
a  very  fetid  smell  arises;  in  the  latter,  a  slight  cloudiness  only 
appears,  and  the  smell  of  the  water  becomes  less  disagreeable. 
If  a  water,  after  boiling,  gives  a  precipitate  of  sulphur,  on 
adding  nitrous  acid,  Westrumb  concludes  that  this  is  owing 
to  hydro^sulphuret  of  lime. 

VL — Oxalic  Add  and  Oxalates, 

The  oxalic  acid  is  a  most  delicate  test  of  lime,  which  it  se- 
parates from  most  of  its  combinations. 

1.  If  a  water,  which  is  precipitated  by  oxalic  acid,  l)ecome 
milky  on  adding  a  watery  solution  of  carbonic  acid,  or  by 
blowing  air  through  it  from  the  lungs,  by  means  of  a  quill  or 
glass  tube,  we  may  infer,  that  pure  lime  (or  baryta,  which  has 
never  yet  been  found  pure  in  water)  is  present. 

2.  If  the  oxalic  acid  occasion  a  precipitate  before,  but  not 
after  boiling,  the  lime  is  dissolved  by  an  excess  of  carbonic 
acid.    In  this  case,  by  heating  the  water,  carbonate  of  lime  is 

VOL.  II.  2  K 
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leparated,  in  the  fonn  of  a  white  iediment^  or  of  a  tediment 
tinged  yellow  by  oxide  of  iron,  when  that  metal  is  alio  pre- 
sent* 

d«  If  oxalic  acid  occasion  a  precipitate  even  after  boilings 
the  solvent  of  the  lime  is  a  fixed  acid.  A  considerable  excess 
of  any  of  the  mineral  acidsi  howeveri  prevents  the  oxalic  acid 
from  throwing  down  a  precipitate,  even  though  lime  be  pre* 
sent;  because  some  acids  decompose  the  oxalicy  and  othersy 
dissolving  the  oxalate  of  lime,  prevent  it  from  appearing.* 

The  oxalate  of  ammonia,  or  of  potassa  (which  may  easily  be 
formed  by  saturating  the  respective  carbonates  <}f  these  alkalis 
with  a  solution  of  oxalic  acid),  are  not  liable  to  the  above 
objection,  and  are  preferable,  as  re-agents,  to  the  uncombined 
acid.  Yet  even  these  oxalates  fail  to  detect  lime  when  greatly 
supersaturated  with  muriatic  or  nitric  acids ;  and,  if  such  an 
excess  be  present,  it  must  be  neutralized,  before  adding  the 
test,  with  pure  ammonia.  A  precipitation  will  then  be  pro- 
duced. The  presence  of  other  earths  in  solution,  along  with 
lime,  also  impedes  decomposition  by  oxalic  acid  and  the 
oxalates.  Thus  a  watery  solution  of  sulphate  of  magnesia  and 
sulphate  of  lime  is  not  precipitated  by  these  tests. 

The  quantity  of  lime  contained  in  tlie  precipitate  may  be 
known,  by  first  calcining  it  with  access  of  air,  which  converts 
the  oxalate  into  a  carbonate;  and  by  expelling  from  this  last 
its  carbonic  acid,  by  calcination,  with  a  strong  heat,  in  a 
covered  crucible.  According  to  Dr.  Marcet,  117  grains  of 
sulphate  of  lime  give  lOQ  of  oxalate  of  lime,  dried  at  160^; 
but  as  there  must  be  some  uncertainty  as  to  the  degree  of 
desiccation,  it  is  perhaps  the  most  accurate  method  to  convert 
the  oxalate  into  pure  lime  by  calcination.  The  use  of  oxalate 
of  ammonia,  that  excellent  analyst  finds,  is  in  some  degree 
limited  by  its  property  of  precipitating  the  salts  of  iron. 

The  ioate  of  ammonia,  recommended  by  Scheele,  I  find  to 
be  a  most  delicate  test  of  lime.  It  may  be  prepared  by  adding 
carbonate  of  ammonia  to  diluted  fluoric  add^  in  a  leaden 
sel,  observing  that  there  be  a  small  excess  of  acid. 

"   '  — . 

^  See  Kinran  on  Waters,  p.  88. 
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VlL^Pure  Alkalis  md  Carbmalid  Alkalis. 

li  The  purd  fixed  alkalis  precipltttte  nioit  erf  Ibe  eartfts  «tid 
All  the  metal%  whctfaer  dideolted  by  tcdfttile  ixr  fisted  iticKiitf Odi 
but  only  id  eferUiin  states  of  dtlatioii  |  for  exAiup^  stilpbftte  of 
ftlnmina  may  bd  presefit  ifi  watef^  in  ihli  propor^ti  tt  ftnif 
grains  lo  500,  withodt  beln^  discbvei*^  by  pure fii^ed  alkalis; 
and  if  too  mucb  of  the  alkali  be  added  to  a  fliore  cimceiitratcd 
solutbn,  the  alumina  is  re-dissolved.  If  the  alkali  be  perfectly 
free  from  carbonic  acid,  it  does  not  pr^pitate  lime,  strontia, 
or  baryta,  except  when  those  earths  are  held  in  solution  by 
carbonic  acid  in  excess,  and  then  in  the  state  of  carix>nates. 

As  the  alkalis  precipitate  so  many  substancesi  it  is  evident 
that  they  cannot  afibrd  any  very  precise  information,  when 
employed  as  re-agents.  From  the  colour  of  the  precipitatei 
as  it  approaches  to  *a  pure  white,  or  recedes  from  it^  an  ex- 
perienced eye  will  judge,  that  the  precipitated  earth  contains 
less  or  more  of  metallic  admixture.  Its  precise  composition 
must  be  ascertained  by  rules  which  will  presently  be  given. 

S.  Pure  fixed  alkalis  also  decompose  all  salts  with  basis  of 
ammonia,  which  becomes  evident  by  its  smell  (unless  the  salts 
are  dissolved  in  much  water),  and  also  by  the  white  fumes  it 
exhibits  when  a  stopper,  moistened  with  muriatic  acid«  is 
brought  near. 

3.  Carbonates  of  potassa  and  of  soda  have  similar  eflfects. 

4.  Pure  ammonia  precipitates  most  of  the  earthy  and  all  the 
metallic  salts;  but  if  quite  pure,  it  does  not  precipitate  lime, 
baryta,  or  strontia^  when  held  in  solution  by  any  acid,  except 
the  carbonic,  nor  does  it  discover  very  small  quantities  o^ 
magnesia,  tt  has  this  advantage  as  a  precipitant  of  alumina, 
that  when  added  in  excess  it  does  not  re-dissolve  that  earth. 
To  any  liquid  that  contains  oppper  or  nickel  in  a  state  of 
solution,  ammonia  imparts  a  deep  blue  colour ;  the  precipi* 
tated  oxides  of  those  metals  being  re-dissolved  by  an  excess  of 
the  volatile  alkali. 

5.  Carbonate  of  ammonia  has  the  same  properties,  except 
that  it  does  not  precipitate  magnesia  from  its  solutions  at  com- 

*  mon  temperatures.    Hence,  to  ascertain  whether  this  earth 

2  K  2 
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be  present  in  any  solution,  add  the  carbonate  of  ammonia  till 
no  &rther  precipitation  ensues;  filter  tlie  liquor;  raise  it 
nearly  to  212^  Fahrenheit ;  and  then  add  pure  ammonia.  If 
any  precipitation  now  occurs,  we  may  infer  the  presence  of 
magnesia.  ;It  must  be  acknowledged  that  zirconia,  yttria,  and 
glucina,  would  escape  discovery  by  this  process;  but  they  have 
never  yet  been  found  in  mineral  waters ;  and  their  presence 
can  scarcely  be  expected.  Of  the  presence  of  magnesia  an- 
other test  is  described  in  Section  XIX. 

VUL—Lime^rFaier. 

1.  Lime-water  is  applied  to  the  purposes  of  a  test,  chiefly 
for  detecting  carbonic  acid.  Let  any  liquor  supposed  to  con- 
tain this  acid  be  mixed  with  an  equal  bulk  of  lime-water.  If 
carbonic  acid  be  present,  either  free  or  combined,  a  precipi- 
tate will  immediately  appear,  which,  on  adding  a  few  drops  of 
muriatic  acid,  will  again  be  dissolved  with  effervescence. 

2.  When  lime-water  is  added  to  a  water  containing  carbo- 
nate of  lime  dissolved  by  an  excess  of  carbonic  acid,  that 
excess  unites  with  the  lime,  and  forms  an  insoluble  precipitate. 
In  this  case,  in  addition  to  the  carbonate  of  lime  which  before 
existed  in  the  water,  a  fresh  portion  of  carbonates  is  formed, 
and  both  are  precipitated  together. 

S.  When  neither  unconibined  carbonic  acid,  alkaline  or 
earthy  carbonates,  alumina,  nor  oxide  of  iron,  exist  in  a  mineral 
water«  lime-water  is  one  of  the  best  precipitants  of  magnesia. 
It  is  necessary,  however,  in  order  to  obtain  the  magnesia,  to 
concentrate  the  water  by  evaporation.  Less  than  the  twelfth 
part  of  a  grain  of  magnesia  in  a  wine  pint  of  water,  Mr. 
Phillips  finds  may  be  shown  to  exist  by  adding  lime-water. 
(Ann.  of  Phil.  N.S.  i.  309.) 

'  4.  Lime-water  will  also  show  the  presence  of  corrosive  sub- 
limate by  a  brick-dust  coloured  sediment.  If  arsenious  acid 
(common  arsenic)  be  contained  in  a  liquid,  lime-water,  when 
added,  will  occasion  a  precipitate,  consisting  of  lime  and  arse- 
nious acid,  which  is  veiy  difficultly  soluble  in  water.  This 
precipitate,  when  mixed  up  with  oil,  and  laid  on  hot  coals, 
yields  the  well-known  garlic  smell  of  arsenic 
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IX.^-'Pure  Baryta^  and  its  Solution  in  Water. 

1.  A  solution  of  pure  baryta  is  even  more  effectual  than 
lime-water  in  detecting  the  presence  of  carbonic  acid,  and  is 
much  more  portable  and  convenient;  since,  from  the  crystals 
of  this  earth,  the  barytic  solution  may  at  any  time  be  immedi- 
ately prepared.  In  discovering  carbonic  acid,  the  solution  of 
baryta  is  used  simildt'ly  to  lime-water,  and,  if  this  acid  be 
present,  gives,  in  like  manner,  a  precipitate  soluble  with  effer- 
vescence in  dilute  muriatic  acid.  If  the  precipitate  be  dried, 
and  exposed  for  a  very  short  time  to  A  low  red  heat,  every 
100  grains  will  indicate  22  grains  =  474-  cubic  inches,"  of  car- 
bonic acid  gas. 

2.  The  barytic  solution  is  also  a  most  sensible  test  of  sul- 
phuric acid  and  its  combinations,  which  it  indicates  by  a  pre- 
cipitate not  soluble  in  muriatic  acid. — Pure  strontia  has  simi- 
lar effects  as  a  test.  The  quantity  of  the  precipitated  sub- 
stance, indicated  by  the  weight  of  the  precipitate,  will  be 
stated  in  No.  XV. 

X. — Metals. 

1.  Of  the  metals,  silver  and  rMtcwry  are  tests  of  the  pre- 
sence of  hydro-sulphurets,  and  of  sulphureted  hydrogen  gas. 
If  a  little  quicksilver  be  put  into  a  botUe  containing  water  im- 
pregnated with  cither  of  these  substances,  its  surface  soon  ac- 
quires a  black  film,  and,  on  shaking  the  bottle,  a  blackish 
powder  separates  from  it.  Silver  is  speedily  tarnished  by  the 
same  cause. 

2.  A  beautiful  application  of  gold  leaf  as  a  test  of  the  pre- 
sence of  small  quantities  of  salts  containing  nitric  acid,  has 
been  contrived  by  Dr.  WoUaston.  Let  the  water,  suspected  to 
contain  any  nitrate,  be  concentrated  by  evaporation ;  then  add 
a  little  sulphuric  acid  to  the  heated  water,  with  a  small  quan- 
tity of  muriate  of  soda,  unless  the  water  already  contain  some 
muriate,  when  the  last  mentioned  addition  is  unnecessary. 
Immerse  a  little  gold  leaf  in  the  mixture,  and  lK>il  it.  If  any 
nitrate  be  present,  the  gold  leaf  will  be  immediately  dissolved. 
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and  a  smell  of  aqua  regia  will  genernlly  be  perceived.    (Dr. 
Marcet  on  Sea  Water,  Phil.  Trans.  1882,  p.  450.) 

Sf  X^e  metals  may  be  used  also  as  tests  of  each  other,  on 
the  principle  of  elective  affinity.  Thus,  for  example,  a  po- 
lished iron  plate,  iinmersed  in  a  solution  of  sulphate  of  copper, 
soon  acquires  a  coating  of  the  latter  metal ;  and  the  same  in 
other  similar  examples. 

XI.— Sulphate  oflrtm. 

This  is  the  only  oqe  of  the  sulphates,  except  that  of  silver, 
applicable  to  the  purposes  of  a  test.  When  used  with  this 
view  it  is  generally  employed  for  ascertaining  the  presence  of 
oxygen  gas,  of  which  a  natural  water  may  contain  a  small 
quantity. 

A  watf  r,  suspected  to  contain  this  gas,  tnay  be  mixed  with 
a  little  recently-dissolved  sulphate  of  iron,  and  kept  corked 
up,  in  a  phtnl  coqipletely  filled  by  the  mixture.  Jf  peroxido 
of  iron  be  precipitated  in  the  cQurse  of  a  few  days,  the  water 
may  be  inferred  to  contain  oxygen  gas. 

XII. — Sulphate^  Niiratej  and  Acetate  of  Silver, 

These  solutions  are  all  in  some  measure  applieable  to  simi- 
lar purposes. 

1.  lliey  are  peculiarly  adapted  to  the  discovery  of  chlorine 
and  mqriattc  acid,  and  of  chlorides  and  muriates.  Tlie  silver, 
quitting  its  solvent,  combines  with  the  chlorine ;  and  the  oxy« 
gen,  abandoned  by  the  silver,  unites  with  the  hydrogen  of  the 
muriatic  acid.  A  flaky  precipitate  of  chloride  of  silver  ialb 
downi  which,  at  first,  is  white,  but  on  exposure  to  the  sun's 
light,  acquires  a  bluish,  and  finally  a  black  colour.  This 
precipitate,  dried  and  fused  by  a  gentle  heat,  Dr.  Black  states 
to  contain,  in  1000  parts,  as  much  muriatic  acid  as  would 
form  ^25  i  of  crystallized  common  salt,  which  estimate  scarcely 
difiers  at  all  from  that  of  Klaproth.  The  same  quantity  c>f 
chloride  of  silver  (1000  parts)  indicates,  according  to  Kirwan, 
454f  of  muriate  of  potassa  (chloride  of  potassium).  Dr.  Mar- 
cet's  experiments  and  my  own  indicate  a  larger  product  of 


Digitized  by  VjOOQ IC 


inrr.  ir«        analyim  ot  mimbrai.  waurs.  509 

chloride  of  silver  from  the  decorapoMtioB  of  dry  ohloHde  of 
sodiam,  v'm.  not  lets  than  240  grains  from  100  of  oommcii 
salt  Henoe  100  grains  of  fused  chloride  of  silver  denote 
41.6  of  chloride  of  sodium,  and  a  quantity  of  chlorine  capable 
of  forming  with  hydrogen  about  25  grains  of  muriatic  acid. 
A  pfeoipitatioU)  however,  mi^  arise  from  other  causes,  whieh 
it  may  be  proper  to  state. 

fi.  The  soluticms  of  silver  in  acids  are  precipitated  by  car* 
bonated  alkiilis  and  earths.  The  agency  of  the  alkalis  and 
earths  may,  hQwever,  be  prevented,  by  previously  saturating 
them  with  a  few  drops  of  the  same  add  in  which  the  oxide  ef 
silver  is  dissolved. 

8.  The  nitrate  and  acetate  of  silver  are  decomposed  by  the 
sulphuric  and  sulphurous  acids ;  but  this  may  be  prevented  by 
adding,  previously,  a  few  drops  of  nitrate  or  acetate  of  baryta, 
and,  after  allowing  the  precipitate  to  subside,  the  clear  liquor 
may  be  decanted,  and  the  solution  of  silver  added.  Should  a  . 
precipitation  now  take  place,  the  presence  of  muriatic  acid,  or 
some  one  of  its  combinations,  may  be  inferred.  To  remove 
uncertainty,  whether  a  preeipitation  be  owing  to  sulphuric  or 
muriatic  acid,  a  solution  of  sulphate  of  silver  may  be  employed 
in  the  first  instance,  which,  when  po  unconbined  alkali  or 
earth  is  present,  denotes  with  certainty  the  presence  of  the 
muriatic  acid.  According  to  Professor  Pfii£^  one  part  of  mi^ 
riatk  aeid  of  the  spedfic  gravity,  1.15,  diluted  with  70,000 
parts  of  water,  barely  exhibits  a  slight  opaline  tinge,  when 
tested  with  nitrate  of  silver ;  and,  when  diluted  with  iO,000 
parts  of  water,  it  is  not  affiscted  at  all.*  Mr.  Meyer  of  Stettin 
assigns,  however,  a  much  more  extensive  power  to  nitrate  of 
silver,  as  a  test  of  muriatic  acid.f 

4.  Whensolotionsofsilverareadded  tocompoonds  of  chlorine 
With  oxides,  (at  esample  to  chloride  of  lime  (oxide  of  calcium), 
no  escape  of  oxygen  gas  takes  places  although  the  silver  can* 
not  unite  with  chlorine  without  abandoning  its  oxygen.  This 
oxygen,  detadied  from  the  silver,  most  necessarily  luute  with 
the  chlorine,  and  form  chloric  aeid,  which  constitutes  with 
silver  a  soluble  compound.  It  is  necessary,  then,  after  adding 
nitrate  of  silver  to  solution  of  chloride  of  lime  till  no  farther 

*  NielioUoii't  Journtl,  nvii.  361.  f  ThomsonVi  Anmilt,  v.  S9. 
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precipitate  ensues,  to  decant  the  dear  liqujd,  6K.$vaporBte  it 
to  dryness,  and  heat  the  residue.  Oxyg^  gas  will  be  dis- 
engaged, and  to  the  residuum  water  acidulated  with  nitric 
acid  may  be  added,  which  will  leave  the  chloride  of  silver. 
This  process  is  always  necessary  when  the  base  of  any  chloride, 
which  we  wish  to  decompose  by  nitrate  of  silver,  is  a  metallic 
oxide.  (Ann.  de  Chim.  et  Phys.  xi.  108.) 
'  5.  The  solutions  of  silver  are  precipitated  by  sulphureted 
hydrogen,  and  by  hydro-sulphurets ;  but  the  precipitate  is 
then  reddish,  or  brown  or  black ;  or  it  may  be,  at  first,  whit^ 
and  afterwards  become  speedily  brown  or  black.  It  is  soluble^ 
in  great  part,  in  dilute  nitric  acid,  which  is  not  the  case  if  oc- 
casioned by  muriatic  or  sulphuric  acid. 

6.  The  solutions  of  silver  are  precipitated  by  vegetable  ex- 
tractive matter ;  but,  in  this  case^  also,  the  precipitate  has  a 
dark  colour,  and  is  soluble  in  nitrous  acid. 

XIII. — Nitrate  and  Acetate  of  Lead. 

1.  Acetate  of  lead,  the  most  eligible  of  these  two  tests,  is 
precipitated  by  sulphuric  and  muriatic  acids ;  but,  as  we  have 
much  better  indicators  of  both  these  acids,  I  do  not  enlarge 
on  its  application  to  this  purpose. 

2.  The  acetate  of  lead  is  also  a  test  of  sulphureted  hydrogen 
and  of  hydro-sulphurets  of  alkalis,  which  occasion  a  black 
precipitate;  and,  if  white  paper,  on  which  characters  are 
traced  with  a  solution  of  acetate  of  lead,  be  held  over  a 
portion  of  water  containing  sulphureted  hydrogen  gas,  they 
are  soon  rendered  visible ;  especially  when  the  water  is  a  little 
warmed. 

3.  The  acetate  of  lead  is  employed  in  the  discovery  of  un- 
oombined  boracic  acid,  a  very  rare  ingredient  of  waters.  To 
ascertain  whether  this  be  present,  some  cautions  are  necessary. 
(a)  The  uncombined  alkalis  and  earths  (if  any  be  suspected) 
must  be  saturated  with  acetic  or  acetous  acid,  {b)  The  sul- 
phates must  be  decomposed  by  acetate  or  nitrate  of  baryta 
and  the  muriates  by  acetate  or  nitrate  of  silver.  The  filtered 
liquor,  if  boracic  ncid  be  contained  in  it,  will  continue  to  give 
a  precipitate,  which  is  soluble  in  nitric  acid  of  the  specific 
gravity  1.3. 

4*  Acetate  of  lead  is  said,  also,  by  Pfiiff,  to  be  a  very  delicate 
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test  of  carbonic  acid;  and  that  it  renders  milky  water,  which 
contains  tlie  smallest  possible  quantity  of  this  acid.  In  this 
case,  the  precipitate,  which  is  produced,  must  necessarily  be 
re-dtssolved  with  eflfervescence,  on  adding  a  few  drops  of  acetic 
or  diluted  nitric  acid. 

XIV.— -iVt/ra/c  of  Mercury  prepared  wilh  and  wUhotd  Heat. 

Tliis  solution,  differently  prepared,  is  sometimes  employed 
as  a  test. 

1.  The  solution  of  nitrate  of  mercury,  prepared  without 
heat,*  has  been  found  by  Pfaff  to  be  a  mucli  more  sensible  test 
of  muriatic  acid  than  nitrate  of  silver.  Its  sensibility,  indeed, 
is  so  great,  that  one  part  of  muriatic  acid,  of  the  specific  gravity 
1.50,  diluted  with  300,000  parts  of  water,  is  indicated  by  a 
slightly  dull  tint  ensuing  on  the  addition  of  the  test. 

2.  It  is,  at  the  same  time,  the  most  sensible  test  of  ammonia, 
one  part  of  which,  with  30,000  parts  of  water,  is  indicated  by 
a  slight  blackish  yellow  tint,  on  adding  the  nitrate  of  mer- 
cury.f 

S.  The  nitrate  of  mercury  is  also  precipitated  by  highly 
diluted  phosphoric  acid ;  but  the  precipitate  is  soluble  in  an 
excess  of  phosphoric  or  nitric  acid,  which  is  not  the  case  if  it 
has  been  occasioned  by  muriatic  acid. 

XV. — Muriate^  Nitrate^  and  Acetate  of  Baryta. 

1.  Tliese  solutions  are  all  most  delicate  tests  of  sulphuric 
acid  and  of  its  combinations,  with  which  they  give  a  white 
precipitate,  insoluble  in  diluted  muriatic  acid.  They  are  de- 
composed, however,  by  alkaline  carbonates;  but  the  precipi- 
tate thus  occasioned  is  soluble  in  diluted  muriatic  or  nitric 
acid,  with  effervescence,  and  may  even  be  prevented  by  adding, 
previously,  a  few  drops  of  the  same  acid  as  that  contained  in 
the  burytic  salt,  which  is  employed. 

One  hundred  grains  of  dry  sulphate  of  baryta  contain 
(according  to  Klaproth,  vol.  i.  page  168)  about  45 j-  of  sul- 
phuric acid  of  the  specific  gravity  1.850;  according  to  Clay- 
field  (Nicholson's  Journal,  4to.  iii.  38),  33  of  acid,  of  the  spe* 

*  S«e  cbap.  li.  cecc  S3«  f  SMSSore,  Thomson's  Annab,  ?!•  430. 
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fiifio  gravity  2.240 1  the  true  qunotity  however  is  pfobably  Si 
of  real  acid.  Kirwan  atatm,  that  170  grains  of  ignited  lulphaia 
of  baryta  denota  100  of  dried  sulphate  of  soda  i  thai  186.36  of 
the  same  substance  indicate  100  of  dry  sulphate  of  potaasai 
and  that  100  parts  result  from  the  precipitaUon  of  S2.ll  of  dry 
sulphate  of  magnesia. 

From  Klaproth'g  experiments^  it  appears,  that  1000  gndns 
of  sulphate  of  baryta  indicate  595  of  desiccated  sulphate  of 
soda,  or  1416  of  the  crystallized  salt.  The  same  chemist  has 
shown,  that  100  grains  of  sulphate  of  baryta  are  produced  by 
the  precipitation  of  71  grains  of  sulphate  of  limC)  of  ordinary 
dryness.  The  results  of  my  own  experiments  are  stated  in 
vol.  i.  page  570.  Fropi  these  it  follow9,  that  100  grains  of  ig- 
nited sulphate  of  baryta  denote  57  of  calcined  sulphate  of 
lime;  or  73  of  the  same  sulphate,  dried  by  a  temperature  of 
only  160^  Fahrenheit.  Desiccated  sulphate  qf  ma^pesia, 
when  decomposed  by  muriate  of  baryta,  affords  twipe  its 
weight  of  the  barytic  sulphate. 

It  has  been  remarked  by  Berzelius,  that  when  sulphuric 
acid  is  precipitated  from  some  of  the  weaker  bases  by  a  barytic 
salt,  the  precipitated  sulphate  of  baryta  is  combined  with  a 
portion  of  those  bases.  Thus  when  sulphate  qf  iron  or  copper 
is  decomposed  by  muriate  of  baryta,  the  sulphate  of  baryta^ 
when  dried  and  calcined,  assumes  a  reddish  colour  in  the 
first  case^  or  a  yellowish  green  in  the  second*  In  ordefi  there- 
fore, to  determine  with  precision  the  quanti^  of  sulphuric 
acid,  it  is  necessary  to  remove  the  excess  of  oxide  by  some  acid 
in  which  it  is  soluble.     (Ann.  de  Chim.  et  Phys.xiv.  376.) 

2.  By  the  cautious  addition  of  acetate  of  baryta^  as  long  as 
it  occasions  any  precipitate,  all  the  sulphates  existing  in  any 
solution  are  decomposed,  and  their  bases  are  obtained  united 
with  acetic  acid.  By  evaporating  the  liquid  to  dryness,  and 
calcining  the  residuum,  the  acetic  acid  is  destroyed,  and  the 
bases  of  these  salts  may  be  obtained  separate,  pr  combined 
only  with  carbonic  acid,  and  in  this  state  may  be  recognised 
by  properties  which  are  more  characteristic  than  those  be- 
longing to  them  in  a  state  of  more  energetic  combination. 
In  this  way  the  alkaline  bases  may  be  obtained  separately 
from  the  earthy  ones;  for  the  mere  addition  of  water  to  the 
incinerated  nass  takes  up  the  firmer,  and  leaves  the  latter. 
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8.  Phosphoric  tails  oceasioii  a  praeipitate  alao»  with  harytio 
solutions,  wbicli  is  soluble  in  dilute  muriatic  and  nitric  acids 
witbaiU  eflhrvascenoe, 

XVl^^f^Tfiph  Pruisiaief  or  Ff^rra^CyAita/^  ofPoioisa  and 

Of  these  two,  the  prussiate  of  potassa  Is  the  most  eligible. 
When  pure,  it  does  not  speedily  assume  a  blue  colour  on  the 
addition  of  an  acid,  nor  does  it  immediately  precipitate  muriate 
of  baryta,  Ferro-cyanate  of  ammonia  is  preferred  by  some 
chemists,  (See  Quart.  Joum.  ix.  408.)  but  1  believe  it  has  nq 
real  advantage  over  that  of  potassa. 

Prussiate  of  potassa  is  a  very  sensible  test  of  iron,  with  the 
solutions  of  which  in  acids  it  produces  a  prussian  blue  preci- 
pitate, in  consequence  of  a  double  elective  affinity.  To  render 
its  effect  more  certain,  however,  it  may  be  proper  to  add, 
previously,  to  any  ^ater  suspected  to  contain  iron,  a  little 
muriatic  acid,  with  a  view  to  the  saturation  of  the  uncombined 
alkalis  or  earths,  which,  if  present,  prevent  the  detection  of 
very  minute  quantities  of  that  metal  by  the  prussian  test. 

1.  If  a  water,  after  boiling  and  filtration,  does  not  afford  a 
blue  precipitate^  on  the  addition  of  prussiate  of  potassa,  the 
solvent  of  the  iron  may  be  inferred  to  be  a  volatile  one,  and 
probably  the  carbonic  acid. 

2.  Should  the  precipitation  ensue  in  the  boiled  water,  the 
solvent  is  a  fixed  acid,  the  nature  of  which  must  be  ascertained 
by  other  tests* 

I^oubts  had  been  thrown,  by  several  chemical  wr^ers,  on 
the  fitness  of  the  ferro-cyanate  of  potassa  for  determining  the 
quantity  of  iron  in  solutions  of  that  m^tal.  But  Mr.  Porrett, 
in  his  able  inquiry  into  the  nature  qf  the  triple  prussiates, 
has  shown  that,  with  certftin  precautions,  the  ferro-cyanate  of 
potassa  is  fully  adequate  to  this  purpose,*"  It  is  neces^ry  to 
observe, 

1st.  That  if  the  ferro-cyanate  itselt^  after  being  dissolved  in 
water,  gives,  immediately,  a  blue  precipitate  by  the  addition 


♦  Phil.  Trans.  1814,  p.  538. 


Digitized  by  VjOOQ IC 


508  OV  CHBMICAL  ANALYSIS.  CHAP*  XIT. 

of  muriatic  acid,  it  is  not  pure,  and  will  aflbrd  a  fiillacious 
result. 

2dly«  That  if  the  salt,  however  pure,  be  added  m  excessi 
to  a  solution  of  iron  containing  an  excess  of  acid^  and  then 
heated,  the  prussian  blue  thrown  down  will  weigh  more  than 
it  ought ;  because  some  is  furnished  by  the  decomposition  of 
the  ferro-cyanic  acid,  contained  in  that  part  of  the  salt,  which 
has  been  added  in  excess. 

Sdly.  That  prussian  blue,  even  after  it  has  been  formed,  is 
materially  act^  upon  by  a  mixture  of  nitric  and  muriatic 
acids,  and,  in  some  degree,  by  the  muriatic  acid  alone  at  a 
boiling  heat. 

4thly.  That  prussian  blue,  when  precipitated,  often  carries 
with  it  sulphate  of  potassa,  derived  from  die  liquid  from  which 
it  is  thrown  down ;  and  that  this  sulphate  adheres  to  it  so  ob- 
stinately, that  several  washings  with  water,  acidulated  with 
suljrfiuric  acid,  are  necessary  to  detach  it. 

5thly.  That  if  ^the  solution,  to  which  the  test  is  applied, 
contain  not  only  iron,  but  alumina,  oxide  of  copper,  or  any 
other  substance^  which  the  test  is  known  to  precipitate,  Ikat 
substance  should  be  removed^  by  the  usual  means,  previously 
to  the  application  of  the  test. 

Suppose  then,  for  example,  that  we  have  baryta,  alumina, 
magnesia,  and  oxides  of  iron  and  copper,  in  a  state  of  solution 
by  nitro-muriatic  acid.  The  solution,  if  not  already  neutral, 
should  first  be  rendered  so  by  the  cautious  addition  of  ammonia. 
The  barytic  salt  may  next  be  decomposed  by  a  solution  of 
sulphate  of  soda,  poured  in  till  it  ceases  to  occasion  a  precipi- 
tate. Ammonia,  added  to  the  residuary  liquor,  throws  down 
the  other  earths  and  oxides,  and  an  excess  of  it  will  re-dissolve 
the  oxide  of  copper.  From  the  insoluble  part,  consisting  oF 
alumina,  magnesia,  and  oxide  of  iron,  solution  of  pure  potassa 
will  remove  the  alumina.  The  oxide  of  iron  and  the  magnesia 
may  then  be  re-dissolved  in  any  suitable  acid  ;  and  into  the 
solution,  neutralized,  or  nearly  so,  by  ammonia,  if  necessary, 
the  ferro-cyanate  may  be  poured,  till  it  ceases  to  produce 
any  effect,  taking  care  to  add  as  little  excess  as  possible. 
The  precipitate  washed,  dried  at  a  steam  heat,  and  weighed. 
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will  indicate  in  every  100  grains,  34.2S5  grains  of  peroxide  of 
iron. 

Besides  iron,  the  prassiated  alkalis  also  precipitate  muriate 
of  alumina.  No  conclusion,  therefor^  can  be  deduced^ 
respecting  the  non-existence  of  muriate  of  alumina  from  any 
process,  in  which  the  prussic  test  has  previously  been  used. 
It  will,  therefore,  be  proper,  if  a  salt  of  alumina  be  indicated  by 
other  tests,  to  examine  the  precipitate  effected  by  ferro-cyanate 
«of  potassa.  This  may  be  done  by  repeatedly  boiling  it  to 
dryness  with  muriatic  acid,  whidi  takes  up  the  alumina,  and 
leaves  tlie  prussiate  of  iron.  From  the  muriatic  solution,  the 
alumina  may  be  precipitated  by  a  solution  of  carbonate  of 
potassa. 

According  to  Klaproth  (ii.  55)9  solutions  of  yttria  (which 
earth,  however,  is  not  likely  to  be  present  in  any  mineral 
water)  afford,  with  the  prussian  test,  a  white  precipitate, 
passing  to  pearl-grey,  which  consists  of  prussiate  of  yttria. 
This  precipitate  disappears  on  adding  an  acid,  and  hence 
may  be  separated  from  prussiated  iron.  The  same  accurate 
chemist  states,  that  the  prussian  test  has  no  action  on  salts 
with  base  of  glucina  (ii.  55);  but  thatjt  precipitates  zirconia 
from  its  solutions  (ii.  214). 

The  prussiated  alkalis  decompose,  also,  all  metallic  solu* 
tions  excepting  those  of  gold,  platinum,  iridium,  rhodium, 
osmium,  and  antimony. 

'KWlL-^Suednaie  of  Soda  and  of  Ammonia. 

1 .  The  succinate  of  soda  was  first  recommended  by  Gehlen, 
and  afterwards  employed  by  Klaproth  (Contributions,  ii.  48), 
for  the  discovery  and  separation  of  iron.  The  salt  with  base 
of  ammonia  has  also  been  used  for  a  similar  purpose  by  Dr. 
Marcet,  late  physician  to  Guy's  Hospital,  in  a  skilful  analysis 
of  the  Brighton  chalybeate,  which  is  published  in  the  new 
edition  of  Dr.  Saunders's  Treatise  on  Mineral  Waters. 

The  succinic  test  is  prepared  by  slightly  super-saturating 
carbonate  of  soda  or  ammonia  with  succinic  acid.  In  apply- 
ing the  test,  it  is  necessary  not  to  use  more  than  is  suificient 
for  the  purpose ;  because  an  excess  of  it  re-dissolves  the  pre- 
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cipitate.  The  besi  mode  of  proeeeding  ii  to  heftt  the  soliitioa 
containing  iron,  and  to  add  gradually  the  solution  of  the  tii<H> 
cinate,  until  it  ceases  to  ptodbce  any  turbidness.  A  brownish 
precipitate  is  obtained^  Consisting  of  succinate  of  iron.  Thisf 
when  calcined  with  a  little  wax^  in  a  low  red  beat,  gites  an 
oxide  of  iron,  containing  about  70  per  ceni*  Of  the  metal* 
From  Di".  Marcet's  experiments,  it  appears  that  100  gmlns  of 
iron,  dissolved  in  sulphuric  add^.  then  precipitated  by  the 
succinate  test,  and  afterwaitls  burned  with  wax,  gite  148  of 
oxide  of  iron ;  that  is,  100  grains  of  the  oxide  indicate  about 
67  j-  of  metallie  iron. 

2i  The  succinates^  howerer,  it  is  stated  by  Dr.  Marcel  and 
Mr.  Ekeberg,  precipitate  alumina,  provided  there  be  no  con^ 
siderable  excess  of  ocid  in  the  aluminous  salt.  On  magti^ia 
it  has  no  action,  and  hencd  may  be  successfully  employed  in 
the  separation  of  those  two  earths^  If  100  parts  of  octohednd 
crystals  of  alum  be  entirely  decomposed  by  succinate  of  am* 
monia,  they  give  precisely  12  parts  of  alumina  calcined  in  k 
dull  red  heat.  The  succinate  of  ammonia,  it  is  stated  by  Mn 
Ekeberg,*  precipitates  glucina ;  and  the  same  test,  according 
to  Klaproth  (ii.  214),  throws  down  zirconia  from  its  soltftiofis. 

To  separate  all  the  iron  and  alumina  from  any  Water,  long 
boiling  is  necessary  with  free  access  of  air^  in  order  that  the 
iron  may  be  completely  oxklized ;  fur  the  succinates  have  no 
action  on  salts  with  base  of  the  protoxide  of  iron. 

XYIlIi-^Benxoic  Aeidf  dnd  Bemaoaie  of  Afhmohia* 

Benieoic  acid,  or,  still  lietter,  benzoate  of  ammonia^  preci- 
pitates iron  rendily  and  entirely ;  and  being  much  cheaper, 
and  more  readily  obtained,  than  succinate  of  ammonia,  may 
be  substituted  for  the  latter  salt.  It  has^  also,  one  advantage^ 
that  it  does  not  decompose  the  salts  of  manganese.f 

^IX.— Phosphate  of  Soda. 
A  method  of  completely  precipitating  magnesia  from  its 

^  Joum.  des  Mines^  Ko.  hi. 

t  ThotfHdn*8  Anaal^,  Ix.  lOd ;  Phil.  Msg.  xl.  9Se. 
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soltttioos  has  been  sof^^stcd  by  Dr.  WoUflston«  It  is  founded 
on  the  property  which  fully  neutralized  carbonatA  of  ammonia 
possesses;  first  to  cause  the  solution  of  the  carbonate  of  mag* 
nesia,  formed  when  the^'ammoniacal  carbonate  is  added  to  the 
solution  of  a  magnesian  salt,  and  afterwards  to  yield  that  earth 
to  phosphoric  acid>  with  which  and  ammonia  it  forms  a  triple 
salt.  For  this  purpose,  a  solution  of  carbonate  of  ammonin, 
{irepared  with  a  portion  of  that  salt  which  has  been  exposed, 
spread  on  a  paper,  for  a  few  hours  to  the  air,  is  to  be  added 
to  the  solution  of  the  magnesian  salt  sufficiently  concentrated; 
or  to  a  water  suspected  to  contain  magnesia,  after  being  very 
tnuch  reduced  by  evaporation.  No  precipitate  will  appear, 
till  a  solution  of  phosphate  of  soda  is  added,  when  an  abun- 
dant one  will  fall  down. 

A  neat  and  eiFectual  way  of  applying  this  test  is  practised 
by  its  inventor,  as  follows :  Spread  upon  a  piece  of  glass  the 
clear  solution  supposed  to  contain  magnesia,  then  add  a  few 
drops  of  the  solutions  of  carbonate  of  ammonia  and  phosphate 
of  soda  in  succession ;  and  trace  the  word  magnesia^  or  any 
other,  upon  the  glass  so  covered,  with  the  end  of  a  glass  rod. 
If  magnesia  be  present  the  word  which  is  traced  will  appear 
in  white  characters;  if  not,  no  such  appearance  will  result. 
(Quart.  Journ.  xiv.  229.) 

When  the  quantily  of  magnesia  is  to  be  ascertained,  let  the 
precipitate  be  washed,  collected  on  a  filter,  and  dried  in  a 
temperature  not  exceeding  100^  Fahrenheit.  One  hundred 
grains  of  it  will  indicate  19  of  pure  magnesia  |  44  carbonate  ; 
about  66  of  muriate  of  magnesia ;  and  62  of  desiccated^  or 
double  that  quantity  of  orystallLledi  sulphate  of  magnesia.  If, 
instead  of  drying  the  precipitate  at  a  gentle  heat,  which  leaves 
an  uncertain  quantity  of  water  in  it,  we  calcine  it|  we  may 
tlien  reckon  the  caleined  phosphate  of  magnesia  to  indicate 
in  every  hundral  grains,  40  grains  of  magnesia,  or  to  be  equi- 
valent to  250  grains  of  the  crystallized  sulphate  of  that  earth. 

Mr.  Richard  Phillips  has  suggested  (Ann«  of  Phil.  N.S.  i. 
S08)  that  some  fallacy  in  the  use  of  this  test  may  be  occasioned 
by  the  carbonate  of  lime,  which  all  seaqui-carbonate  of  ammo^ 
nia  contains.    Hence  the  addition  of  phosphate  of  soda  may 
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thnnr  down  pbosphale  of  lime  as  wdl  as  die  1 


XX. — Murlaie  rfUmt, — Muriate  qfPIaiiauKU 

1.  Muriate  of  lime  is  principally  of  use  in  discovering  tbe 
presence  of  alkaline  carbonates,  which,  though  they  very 
rarely  occur,  have  sometimes  been  found  in  mineral  waters. 
Carbonate  ofpotassa  exists  in  the  waters  of  Aix-la-Chapdle; 
that  of  soda,  in  the  water  of  a  few  springs  and  lakes ;  and  the 
amrooniacal  carbonate  was  detected  by  Mr.  Cavendish  in  the 
waters  of  Rathbone-place.  Of  all  the  three  carbonates, 
muriate  of  lime  is  a  sutBcient  indicator ;  for  tho^e  salts  sepa- 
rate from  it  a  carbonate  of  lime,  soluble  with  eflfervescence  in 
muriatic  acid.  If  the  soluticm  be  filtered  and  evaporated,  and 
the  dry  residuum  be  heated,  muriate  of  ammonia  wilt  be 
known  by  its  volatility.  Tiie  resulting  salts  with  base  of  po- 
tassa  and  soda  will,  under  the  same  circumstances,  remain 
fixed. 

2.  With  respect  to  the  discrimination  of  the  different  alkalis, 
potassa  and  its  compounds  may  be  detected  by  the  nitro- 
muriate  of  platinum,  which  distinctly  and  immediately  preci- 
pitates potassa,  and  is  not  affected  by  soda.  Carbonate  of  am- 
monia may  be  discovered  by  its  smell ;  and  by  its  precipi- 
tating a  neutral  salt  of  alumina,  while  it  has  no  action  appa- 
rently on  cold  solutions  of  magnesian  salts. 

XXI. — Soluiion  of  Soap  in  Alcohol. 

This  solution  may  be  employed  to  ascertain  the  coropara* 
tive  hardness  of  waters.  With  distilled  water  it  may  be 
mixed,  without  any  change  ensuing ;  but,  if  added  to  a  hard 
water,  it  produces  a  milkincss,  and  even  a  curdy  appearance, 
more  considerable  as  the  water  is  less  pure.  From  the  degree 
of  this  change,  an  experienced  eye  will  derive  a  toleraUe  indi- 
cation of  the  quality  of  the  water.  This  efiect  is  owing  to  tlie 
alkali  quitting  the  oil,  whenever  there  is  present  in  a  water  any 
substance,  for  which  the  alkali  has  a  stronger  affinity  than  it 
has  for  oil.    Thus  all  uncombined  acids,  and  all  salu  with 
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earthy  and  metallic  bases,  decompose  soap,  and  occasion  that 
property  in  waters  which  is  termed  hardness.  At  the  same 
time  an  insoluble  soap  is  formed  by  the  union  of  the  oil  with 
the  earthy  base. 

XXIL— Alcohol. 

Alcohol,  when  mixed  with  any  water,  in  the  proportion  of 
about  an  equal  bulk,  precipitates  all  the  salts  which  it  is  inca- 
pable of  dissolving.     (See  Kirwan  on  Waters,  page  263.) 

XXIII. — Hydro- Sulphuret  of  Ammonia, 

This  and  other  hydro-sulphurets,  as  well  as  water  saturated 
with  sulphureted  hydrogen,  may  be  employed  in  detecting  lead 
and  arsenic  ;  with  the  former  of  which  they  give  a  black,  and 
with  the  latter  a  yellowish  precipitate.  As  lead  and  arsenic, 
however,  are  never  found  in  natural  waters,  I  shall  reserve, 
for  another  occasion,  what  I  have  to  say  of  the  application  of 
tliese  tests. 

TABLE, 

Showifig  the  Substances  that  may  he  expected  in  Mineral  IVatersy 
and  the  Means  of  detecting  them.* 

Acids  in  general.    Infusion  of  litmus.     Syrup  of  violets,  L 

Acidy  boracic.     Acetate  of  lead,  XIII.  S. 

Addj  carbonic.  Infusion  of  litmus,  I.  1,  2.  Lime-water, 
VIIL  1.     Barytic  water,  IX.  1.     Acetate  of  lead,  XIIL  4. 

Acidy  muriatic.  Nitrate  and  acetate  of  silver,  XII.  Nitrate 
of  mercury,  XIV, 

Acidy  nitric.     Sulphuric  acid,  IV.  4. 

Acidy  phosphoric.  Solutions  ol'  baryta,  XV.  2.  Nitrate  of 
mercury,  XIV.  3. 

Acidy  sulphurous.  By  its  smell, — and  destroying  the  colour 
of  litmus,  and  of  infusion  of  red  roses ; — by  the  cessation  of 


*  A  Table  of  subBtances  actually  found  in  the  principal  mineral  waters 
will  be  inserted  in  the  Appendix. 
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the  smell  a  few  hours  after  the  addition  of  the  black  oxide  of 
manganese. 

Acidf  sulphuric.  Solution  of  pure  baryta,  IX.  Barytio 
salts,  XV.     Acetate  of  lead,  XII. 

Alkalis  in  general.  Vegetable  colours,  II.  Muriate  of 
lime,  XX. 

Alumina  dissolved  hy  acids.     Succinates,  XVII. 

Ammonia,  by  its  smell,  and  tests,  II.  Nitrate  of  mercury, 
XIV.  2. 

Baryta  and  ils  compounds^  by  sulphuric  acid,  IV. 

Carbonates  in  general.  Effervesce  on  adding  acids,  without 
any  unpleasant  smell. 

Earths  dissolved  by  carbonic  acid.  By  a  precipitation  on 
boiling; — by  pure  alkalis,  VII.     Solution  of  soap,  XXI. 

Hydro-sulphuret  of  lime.  Sulphuric  acid,  IV.  Nitrous 
acid,  V. 

Iron  dissolved  by  carbonic  acid.  Tincture  of  galls,  III.  1. 
Prussiate  of  potassa,  XV  I.  1.  Succinate  of  ammonia,  XVII. 
Benzoate  of  ammonia,  XVIII. 

Iron  dissolved  by  sulphuric  acid.  Same  tests,  III.  3.  XVL  2. 
XVII. 

Lime  in  a  pure  state.  Water  saturated  with  carbonic  acid. 
Blowing  air  from  the  lungs.     Oxalic  acid,  VI. 

Lime  dissolved  by  carbonic  acid.  Precipitation  on  boiling. 
Caustic  alkalis,  VII.     Oxalic  acid,  VI. 

Lime  dissolved  by  sulphuric  acid.  Oxalate  of  ammonia,  VL 
Barytic  solutions,  IX.  and  XV. 

Magnesia  dissolved  by  carbonic  acid.  Precipitation  on  boil- 
ing,— the  precipitate  soluble  in  dilute  sulphuric  acid. 

Magnesia  dissolved  by  other  acids.  Precipitated  by  pure 
ammonia,  not  by  the  carbonate,  VII.  5.  Phosphate  of  soda, 
XIX.     Lime  water,  VIII.  S.  I 

Muriates  of  alkalis.     Solutions  of  silver,  XII. 

of  lime.     Solutions  of  silver,  XII.     Oxalic  acid 

and  oxalate  of  ammonia,  VI.  j 

Nitrate  of  potassa,  and  other  nitrates.     Gold  leaf,  X.  2. 

Oxygen  gas.     Sulphate  of  iron,  XI. 

Potassa,  and  its  $aUs»    Muriate  of  platiuumi  XX.  2*  ' 
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Silica.  A  precipitate  by  muriate  of  ammonm  not  soluble  in 
dilute  nitric  acid. 

Soda,  carbonate  of.    Muriate  of  lime,  XX.  1. 

Sulphates  in  general.  Barytic  solutions,  IX.  and  XV. 
Acetate  of  lead,  XIIL 

Sulphate  of  alumina.  Barytic  solutions,  IX.  and  XV. 
A  precipitate  by  carbonate  of  ammonia  not  soluble  in  acetous 
acid,  but  soluble  in  pure  fixed  alkalis  by  boiling.  Succinatesi 
XVII.  2. 

Sulphate  of  Ume»  Barytic  solutions,  IX.  and  XV.  Oxalic 
acid  and  oxalates,  VI.  A  precipitate  by  alkalis  not  soluble  in 
dilute  sulphuric  acid* 

Stdpkate  of  tnagnesia.  Barytic  solutions,  IX.  and  XV. 
Phosphate  of  soda  and  carbonate  of  ammonia,  XIX- 

Sulphate  ofpotassa.  Barytic  solutions,  IX.  and  XV.  Mu'" 
riate  of  platinum,  XX.  9f 

Sulphate  of  soda,  Barytic  salts,  IX.  and  XV.  Muriate  of 
platinum,  XX. 

Stdphurets  of  alkalis^  Polished  metals,  X.  Smell  on  adding 
sulphuric  or  muriatic  acid.    Nitrous  acid,  V. 

Sulphureted  hydrogen  gas.  By  its  smell.  Infusion  of  litmus, 
I.     Polished  metals,  X.     Acetate  of  lead*  XlII.  S** 

Vegetable  matter.    Sulphuric  acid,  IV. 

AuT.  2. — Analysis  of  Waters  by  Evaporation. 

Before  proceeding  to  the  evaporation  of  any  natural  water, 
its  gaseous  contents  must  be  collected.  This  may  be  done  by 
filling  with  the  water  a  large  glass  globe  or  bottle,  capable  of 
holding  about  50  cubical  inches,  and  furnished  with  a  ground 
stopper  and  bent  tube.  The  bottle  is  to  be  placed,  up  to  its 
neck,  in  a  tin  kettle  filled  with  a  saturated  solution  of  common 
salt,  which  nmst  be  kept  boiling  for  an  hour  or  two,  renewing, 
by  fresh  portions  of  hot  water,  what  is  lost  by  evaporation. 
The  disengaged  gas  is  to  be  conveyed,  by  the  bent  tube, 

*  The  vapour  of  putrefying  animal  or  vegetable  matter  dissolved  in  water, 
according  to  Klaprotb,  vol.  i.  p.  590,  often  gives  a  deceptive  indication  of 
sulphureted  hydrogen. 
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into  a  gradaated  jar,  filled  with|  and  inverted  in,  mercury, 
where  its  bulk  is  to  be  determined.  On  the  first  impression 
of  the  heat,  however,  the  water  will  itself  be  expanded,  and 
portions  will  continue  to  escape  into  the  graduated  jar,  till 
the  water  has  attained  its  maximum  of  temperature.  This 
portion  must  be  measured,  and  its  quantity  be  deducted  from 
that  of  the  water  submitted  to  experiment.  If  a  considerable 
proportion  of  gas  be  contained  in  a  mineral  water,  the  best 
way  of  receiving  it  is  into  a  small  gazometer. 

In  determining,  with  precision,  the  quantity  of  gas,  it  is  ne- 
cessary to  attend  to  the  state  of  the  barometer  and  thermometer, 
and  to  other  circumstances  already  enumerated,  vol.  i.  page 
22.  Rules  also  for  reducing  observations  made  under  dif- 
ferent states  of  the  barometer  and  thermometer,  to  a  mean 
standard,  will  be  found  in  vol.  i.  p.  23. 

The  gases,  most  commonly  discovered  in  mineral  waters, 
are  carbonic  acid;  sitlphtareted  hydrogen  ;  nitrogen  gas  ;  oxygen 
gas  J  and,  in  the  neighbourhood  of  volcanoes  only,  sulphurous 
acid  gas.  To  determine  the  proportion  of  these  and  other 
gases,  constituting  a  mixture  obtained  from  any  mineral  water, 
full  directions  have  already  been  given  in  the  first  section  of 
tliis  chapter,  (page  467  and  following.) 

The  vessels  employed  for  evaporation  should  be  of  such 
materials,  as  are  not  likely  to  be  acted  on  by  the  contents  of 
the  water.  I  prefer  those  of  unglazed  biscuit  ware,  made  by 
Messrs.  Wedgwood;  but,  as  their  surface  is  not  perfectly 
smooth,  and  the  dry  mass  may  adhere  so  strongly  as  not  to  be 
easily  scraped  ofi*,  the  water,  when  reduced  to  about  one  tenth 
of  its  volume,  or  less,  may  be  transferred,  with  any  deposit  that 
may  have  taken  place,  into  a  smaller  vessel  of  glass.  Here 
let  it  be  evaporated  to  dryness,  at  a  temperature  not  exceeding 
800°  FahrenheiU 

(a)  The  dry  mass,  when  collected  and  accurately  weighed, 
is  to  be  put  into  a  bottle,  and  alcohol  poured  on  it,  to  the  depth 
of  an  inch.  After  having  stood  a  few  hours,  and  been  occa<^ 
sionally  shaken,  pour  the  whole  on  a  filter,  wash  it  with  a 
little  more  alcohol,  and  dry  and  weigh  the  remainder. 

(b)  To  the  undissolved  residue,  add  eight  times  its  weight 
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of  cold  distilled  water;  shake  the  mixture  frequently;  and, 
after  some  time,  filter;  ascertaining  the  loss  of  weight. 

(c)  Boil  the  residuum,  for  a  quarter  of  an  hour,  in  some- 
what more  than  500  times  its  weight  of  water,  and  afterwards 
filter. 

(d)  The  residue,  which  must  be  dried  and  weighed,  is  no 
longer  soluble  in  water  or  alcohol.  If  it  has  a  brown  colour, 
denoting  the  presence  of  iron,  let  it  be  moistened  with  water, 
and  ex[)08ed  to  the  sun's  rays  for  some  weeks.  Or  if  so  long 
a  process  be  inconvenient,  moisten  it  with  nitric  acid,  and  then 
dry  and  ignite  it.     This  will  peroxidize  the  iron. 

I.  The  solution  in  alcohol  (a)  may  contain  one  or  all  of  the 
following  salts :  Muriates  of  lime,  magnesia,  alumina,  or  ba- 
ryta; or  nitrates  of  the  same  earths.  Sometimes,  also,  the 
alcohol  may  take  up  a  sulphate  of  iron,  in  which  the 
metal  is  oxidized  to  the  maximum.  This  will  appear  from  its 
reddish  brown  colour. 

1.  In  order  to  discover  the  quality  and  quantity  of  the  in- 
gredients, evaporate  to  dryness;  weigh  the  residuum;  add 
above  half  its  weight  of  strong  sulphuric  acid ;  and  apply  a 
moderate  heat.  The  muriatic  or  nitric  acid  will  be  expelled, 
and  will  be  known  by  the  colour  of  their  fumes ;  the  former 
being  white,  and  the  latter  orange  coloured. 

2.  To  ascertain  whether  lime  or  magnesia  be  the  basis  of 
the  salts,  let  the  he^t  be  continued  till  no  more  fumes  arise, 
and  let  it  then  be  raised,  to  expel  the  excess  of  sulphuric  acid. 
To  the  dry  mass,  add  twice  its  weight  of  distilled  water. 
This  will  take  up  the  sulphate  of  magnesia,  and  leave  the 
sulphate  of  lime.  The  two  sulphates  maybe  separately  de- 
composed, by  boiling  with  three  or  four  times  their  weight  of 
carbonate  of  potassa.  The  carbonates  of  lime  and  magnesia, 
thus  obtained,  may  be  separately  dissolved  in  muriatic  acid, 
and  evaporated.  The  weight  of  the  dry  salts  will  inform  us 
how  much  of  each  the  alcohol  had  taken  up.  Lime  and  mag- 
nesia may  also  be  separated  by  the  use  of  the  phosphate  of 
soda,  applied  in  the  manner  already  described,  (No.  XIX.) 
Alumina  and  magnesia  may  be  separated  from  each  other,  by 
adding  to  their  mixed  and  heated  solutions  an  excess  of  po« 
tassa  which  will  dissolve  the  alumina  only. 
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The  presence  of  baryta,  which  is  rery  rarely  to  be  expected, 
may  be  known  by  a  precipitation  ensuing  on  adding  sniphnric 
acid  to  a  portion  of  the  alcoholic  solution,  which  has  been 
diluted  with  80  or  100  times  its  bulk  of  pure  water. 

Some  of  the  salts  obtained  by  the  action  of  alcohol,  it  is 
supposed  by  Orotthus,  are  actually  formed  by  its  operation. 
Sulphate  of  soda  and  muriate  of  magnesia,  for  example,  when 
found  in  an  alcoholic  solution,  result,  he  betieres,  from  the 
mutual  decomposition  of  sulphate  of  magnesia  and  muriate  of 
soda** 

II.  The  watery  solution  {b)  may  contain  a  variety  of  salts, 
the  accurate  separation  of  which  from  each  other  is  a  problem 
of  considerable  difficulty.  The  number,  however,  of  salts, 
that  are  capable  of  existing  together  in  solution,  is  much 
limited  by  the  mutual  action  of  several  in  decomposing  each 
other.  Such  salts  are  said  to  be  incompatible,  A  table  of 
them  is  inserted  in  the  Appendix,  which  it  is  proper  that  the 
reader  should  consult,  before  attempting  to  analyze  any  mixed 
saline  solution. 

1.  The  analysis  of  a  saline  solution  may  be  attempted  by 
crystallization.  For  this  purpose,  let  one  half  be  evaporated 
by  a  very  gentle  heat,  not  exceeding  80^  or  90^.  Should  any 
crystals  appear  on  the  surface  of  the  solution,  while  hot,  in 
the  form  of  a  pellicle,  let  them  be  separated  and  dried  on 
bibulous  paper.  These  are  chloride  of  sodium  or  common 
salt.  The  remaining  solution,  on  cooling  vei*y  gradually,  will, 
perhaps,  afford  crystals  sufficiently  distinguishable  by  their 
form  and  other  qualities.  When  various  salts,  however,  are 
contained  in  the  same  solution,  it  is  extremely  difficult  to  ob- 
tain them  distinct  enough  in  their  forms  to  ascertain  their 
kind. 

d.  The  nature  of  the  saline  contents  must,  therefore,  be 
examined  by  tests,  or  re*agents. 

The  presence  of  an  uncombined  alkali  will  be  discovered 
by  the  stained  papers  (II),  and  of  acids  by  the  tests  (I).  The 
vegetable  alkali,  or  potassa,  may  be  distinguished  from  the 
mineral,  or  soda,  by  saturation  with  sulphuric  acid,  and  eva- 

*  Ado.  de  Chim.  et  Pbys.  iv.  906. 
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poralion  to  dryness ;  the  sulphate  of  soda  being  much  more 
soluble  than  that  of  potassa ;  or,  by  supersatu ration  with 
tartaric  acid,  which  gives  a  soluble  salt  with  soda«  but  not 
with  ]>otassa.  Muriate  of  platinum,  also,  is  an  excellent  test 
of  potassa  and  its  combinations;  for,  with  the  smallest  portion 
of  this  alkali,  or  any  of  iu  salts,  it  forms  a  distinct  and  imme^ 
diate.precipitate ;  while  it  is  not  at  all  a£Pected  by  soda  or  its 
compounds. 

If  neutral  salts  be  present  in  the  solution,  we  have  to  ascer^ 
tain  both  the  nature  of  the  acid  and  of  the  basis.  This  may 
be  done  by  attention  to  the  rules  already  given  for  the  appli* 
cation  of  tests,  which  it  is  unnecessary  to  repeat  in  this  place. 
(See  the  Table,  page  513.) 

III.  The  solution  by  boiling  water  contains  scarcely  any 
thing  beside  sulphate  of  lime. 

IV.  The  residuum  {d)  is  to  be  digested  in  distilled  vinegar, 
which  takes  up  magnesia  and  lime,  but  leaves,  undissolved, 
alumina,  silica,  and  peroxide  of  iron.  Evaporate  the  solution 
to  dryness.  If  it  contain  acetate  of  lime  only,  a  substance  will 
be  obtained  which  does  not  attract  moisture  from  the  air ;  if 
magnesia  be  present,  the  mass  will  deliquiate.  To  separate 
the  lime  from  the  magnesia,  proceed  as  in  I. 

The  residue,  insoluble  in  acetous  acid,  may  contain  alumina^ 
iron,  and  silica.  The  two  first  may  be  dissolved  by  muriatic 
ticid,  from  which  the  iron  may  be  first  precipitated  by  prussiate 
of  potassa,  and  the  alumina  afterwards  by  ammonia. 

Dr,  Murray  s  Formula  for  the  Analysis  of  Mineral  fVaters. 

Some  ingenious  views  respecting  the  analysis  of  mineral 
waters  have  been  taken  by  the  late  Dr.  Murray  of  Edinburgh.* 
In  proceeding  by  the  methocl  of  evaporation}  the  salts  ob- 
tained are  frequently,  he  conceived,  the  products  of  the  ope- 
ration, and  not  the  original  ingredients  of  the  water.  For 
example,  though  we  may  obtain  from  a  mineral  water,  sul- 

*  Edinb.  Traiisacti  viii.  $50|  or  Thomson's  Annals.     I  retain  his  expres- 
sion^ muriate  of  soda>  because  the  explanation  is  correctly  applicable  to  that' 
salt  when  in  a  stnte  of  solution,  as  it  is  in  mineral  waters. 
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phate  of  lime  ind  nmiiate  of  soda,  yet  it  is  probable^  be 
tbinksy  tbat  tbe  water,  in  its  natoral  stale,  bdd  in  solution 
botb  solpbate  of  soda  and  muriate  of  lime,  wbicb,  tboogb 
incompotiUe  salts,  if  presented  to  eacb  otber  in  dense  solu- 
tion, may  yet  exist,  witboot  mutual  decomposition,  wbcn  dif* 
fused  throogb  a  large  quantity  of  fluid.  He  ai^gues,  tbere- 
fore,  tbat  we  attain  a  mucb  nearer  approximation  to  tbe  true 
composition  of  a  mineral  water,  by  disregarding  tbe  salts  re- 
sulting from  its  evaporation ;  and,  instead  of  tbi%  determining 
witb  extreme  precision  tbe  elements,  or  adds  and  base%  of 
whicb  tbose  salts  are  composed.  The  peculiar  mode  of 
bination,  in  wbicb  tbey  exist  in  tbe  water  submitted  to 
lysis,  can  only,  be  tbinks,  be  inferred,  by  c(»sidering  tbe  most 
probable  views  of  tbeir  binary  composition. 

Having  gained  a  general  idea  of  tbe  nature  of  any  mineral 
water,  by  tbe  agency  of  the  tests  already  described.  Dr. 
Murray  recommends  tbat  we  proceed  to  its  minute  analysis  in 
the  following  manner. 

1.  Reduce  tbe  water,  by  evaporation,  as  far  as  can  be  done 
without  occasioning  any  sensible  precipitation  or  crystalli- 
zation. 

2.  Add  muriate  of  baryta,  as  long  as  it  occasions  a  preci- 
pitate^ and  no  longer.  By  an  experiment  on  a  separate  quan- 
tity, examine  whether  the  precipitate  e£Fervesces  with  dilute 
muriatic  acid,  and  whether  it  is  entirely  dissolved  by  that 
acid  or  not.  If  entirely  soluble,  dry  and  weigh  it,  and  allow 
S2  grains  of  carbonic  acid  for  every  100  grains.  If  it  do  not 
effervesce,  or  dissolve,  we  may  consider  it  as  sulphate  of  ba- 
ryta, and  reckon  that  it  contains,  in  a  dry  states  34  grains  of 
sulphuric  acid  in  every  100.  If  it  he  partly  soluble  with  effer- 
vescence, and  partly  insoluble,  it  consists  both  of  carbonate 
and  sulphate  of  baryta,  the  former  of  which  may  readily  be 
separated  from  the  latter  by  diluted  muriatic  acid ;  and  the 
precipitate  being  weighed  in  a  dry  state,  both  before  and  after 
the  action  of  the  acid,  we  learn  the  quantity  of  each;  what 
remains  being  the  sulphate  only. 

By  evaporation,  the  carlonic  acid  Is  expelled,  and  the  sulphuric 
acid  is  separated  by  the  barytic  salt.    The  next  object  is  to 
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discover  the  kind  and  quantity  of  the  bases  present;  apd  then 
to  find  the  quantity  of  muriatic  acid^  originally  contained  in 
the  water. 

5.  To  the  clear  liquor  add  a  saturated  solution  of  oxalate 
of  ammonia,  as  long  as  any  turbid  appearance  is  produced. 
Collect  the  precipitate,  which  consists  of  oxalate  of  lime ;  dry 
it ;  and,  by  calcining  it  at  a  low  red  heat,  convert  it  into  a 
carbonate^  which  may  be  changed  into  sulphate  by  a  slight  ex* 
cess  of  sulphuric  acid.  The  sulphate  of  lime,  after  ignition^ 
contains  41.5  of  lime  in  100.  Or  calculate  the  quantity  c£ 
lime,  by  the  rule  already  given,  p.  498^  from  the  weight  of  the 
oxalate. 

4.  The  next  step  is  to  separate  the  magnesia^  which  may  be 
done  as  follows  :  let  the  clear  liquid,  remaining  after  the  pre* 
cipitation  of  the  oxalate  of  lime,  be  heated  to  100°  Fahrenheit,, 
and«  if  necessary,  reduced  a  little  by  evaporation ;  and  then 
add  to  it,  first  a  solution  of  carbonate  of  ammonia,  and  after- 
wards of  phosphate  of  ammonia,  as  long  as  any  precipitation 
ensues.  Wash  the  precipitate,  dry  and  calcine  it  at  a  red 
heat  for  an  hour,  after  which  100  grains  may  be  estimated  to 
contain  40  of  magnesia. 

5.  To  estimate  the  soda^  evaporate  the  liquor,  remaining 
after  the  preceding  operations,  to  dryness,  and  expose  tlie  dry 
mass  to  heat  as  long  as  any  vapours  exhale,  raising  it,  in  the. 
end,  to  redness.  The  residual  matter  is  muriate  of  soda,  100 
grains  of  which  are  equivalent  to  53.3  soda,  and  46.7  of  mu« 
riatic  acid. 

6.  It  is  possible  tliat  the  muriatic  acid,  deduced  from  the 
residuary  common  sail,  may  exceed  the  true  quantity,  and 
that  a  part  may  have  been  introduced  by  the  muriate  of  ba- 
ryta.  Or,  on  the  other  hand,  if  muriate  of  lime  or  magnesia 
were  present  in  the  water,  the  ammonia,  by  which  tliose 
earths  were  separated,  would  form,  with  the  muriatic  acid 
quitted  by  them,  a  salt,  which  will  have  been  dissipated  by 
beat;  and  consequently  the  muriatic  acid  will  have  been 
stated  too  low.  To  decide  this,  the  simple  rule  is,  to  8up« 
pose  the  elements,  obtained  by  the  analysis,  combined  in 
binary  compounds  according  to  the  known  proportions  in 
which  they  unite.  The  excess  or  deficiency  of  muriatic  acid 
will  then  appear;  and  the  amount  of  the  excess,  being  sub- 
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traded  firom  the  qtuintity  of  muriatic  acid  eiusting  in  the  nm- 
riate  of  soda  obtained ;  or  the  amount  of  the  deficit,  being 
added  to  that  quantity,  the  real  quantity  of  muriatic  acid  will 
be  apparent-— As  a  check  on  this  operation,  it  may  be  proper 
to  estimate  directly  the  quantity  of  muriatic  add  in  a  given 
portion  of  the  water,  by  first  abstracting  any  sulphuric  or 
carbonic  acid  by  nitrate  of  baryta,  and  tlien  precipitating  the 
muriatic  acid  by  nitrate  of  silver.  The  real  quantity  of  mn* 
riatic  acid  will  thus  be  found ;  and  the  result  will  form  a  check 
on  the  other  steps  of  the  analysis ;  for  the  other  ingredienta 
must  bear  that  proportion  to  the  muriatic  acid  which  will  cor- 
respond with  the  state  of  neutralization. 

Having  thus  discovered  the  diflerent  adds  and  bases,  and 
determined  their  quantities,  it  remains  to  determine  the  state 
of  combination  in  which  they  exist  They  may  dther  be  con- 
sidered as  forming  simultaneous  combinations,  or  as  existing 
in  the  state  of  binary  compounds.  In  the  latter  case,  it  ia 
probable  that  the  acids  and  bases  are  so  united,  as  to  form  the 
most  soluble  compounds,-  and  in  this  way  we  may  state  them. 
It  may  also  be  proper  to  give  the  quantity  of  binary  com- 
pounds obtained  by  evaporation,  or  by  any  other  direct  ana« 
lytic  process.  For  example,  the  elements  of  the  salu  in  a 
pint  of  sea-water,  as  determined  by  Dr.  Murray's  analysis^* 
are, 

Lime •  •    2J9  grains 

Mjignesia 14.8 

Soda   96.3 

Sulphuric  acid   ..  14.4 

Muriatic  acid  .  . .  97.7 

226.1 
The  compound  saltSi  as  obtained  by  evaporatiotti  arei 

Muriate  of  soda  «...  180.5  grains 
— — — —  magnesia  29. 
Sulphate  of  magnesia  1 5.5 
lime ....  7.1 

226.1 
*  Bdiu.  Phii.  Trans. 
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But  the  salts  existing  in  a  pint  of  sea-water,  in  its  natural 
state,  before  subjecting  it  to  evaporation^  may  be  calculated  to 
be 

Muriate  of  soda  .•••  180.5  grains 

■   ■  ■  ', magnesia      18.3 

*    '■  lime  •  •  • .       5.7 
Sulphate  of  magnesia     i21.6 

226.1 


SECTION  III. 

Examinatio7i  of  Minerals, — General  Directions, 

The  chemical  analysis  of  minerals  is  attended  even  with 
greater  diiBculties  than  that  of  natural  waters ;  and  it  would 
require  not  only  a  separate  worlc,  but  one  of  considerable  ex*^ 
tent,  to  comprehend  rules  for  determining  the  proportions  of 
all  possible  combinations.  On  the  present  occasion,  I  mean 
only  to  offer  a  few  general  directions  for  attaining  such  a 
knowledge  of  the  composition  of  mineral  bodies,  as  may  ena** 
ble  the  chemical  student  to  refer  them  to  their  proper  place  in 
a  mineral  arrangement,  and  to  judge  whether  or  not  they  may 
admit  of  application  to  the  uses  of  common  life.  Those  who 
are  solicitous  to  become  adepts  in  the  art  of  mineral  analysis, 
should  study  attentively  the  numerous  papers  of  Vauquelin, 
Hatchett,  and  other  skilful  analysts,  dispersed  through  ya« 
rious  chemical  collections;  and  also  an  admirable  work  of 
M,  Klaproth,  entitled,  **  Analytical  Essays  towards  improv- 
ing the  Chemical  Knowledge  of  Minerals,''  2  vols.  8vo.  pub* 
lished  in  London  in  1801. 

The  great  variety  of  mineral  bodies,  which  nature  presents 
in  the  composition  of  this  globe,  have  been  classed  by  late 
writers  under  a  few  general  divisions.  They  may  be  con- 
veniently arranged  under  four  heads:  1st,  Earths;  2d,  Salts; 
3d,  Inflammable  Fossils;  and  4th,  Mstals,  and  their 
Ores. 
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I.  Earths.  The  .term  earth,  we  may  use  with  Mr.  Kirwan, 
to  denote  a  tasteless,  inodorous,  dry,  brittle,  uninflammable  sub- 
stance, whose  specific  gravity  does  not  exceed  4.9  (jL  e.  which 
is  never  five  times  heavier  than  water),  and  which  gives  no 
tinge  to  borax  in  fusion.  Some  exceptions  to  this  definition 
are  afforded  by  the  strong  taste  of  certain  earths,  and  the 
solubility  of  others ;  but  since  a  line  must  be  drawn  between 
salts  and  earths,  it  may  begin  where  solution  is  scarcely  per- 
ceptible; salts  terminating,  and  earths,  in  strictness,  com- 
mencing, where  the  weight  of  the  water,  requisite  for  the  so- 
lution, exceeds  that  of  the  solvent  1000  times.  Not  to  depart, 
however,  too  widely  from  the  commonly  received  import  of 
words  that  are  in  constant  use,  substances  that  require  100 
times  their  weight  of  water  to  dissolve  them,  and  have  the 
other  sensible  properties  of  earths,  may  be  so  styled  in  a  loose 
and  popular  sense. 

The  simple,  or  primilive  earths,  are  those  which  can  only 
be  resolved  into  oxygen  and  a  metallic  basis.  Such  are  lime^ 
magnesia,  alumina,  silica,  &c. 

The  compound  earths  are  composed  of  two  or  more  primi- 
tive earths,  united  chemically  together.  Sometimes  the  union 
of  an  earth  with  on  acid  constitutes  what  in  common  language 
is  called  an  earth ;  as  in  the  examples  of  sulphate  of  baryta, 
fluatc  of  lime,  &c. 

II.  Salts.  Under  this  head  may  be  arranged  all  those  sub- 
stances that  require  less  than  100  times  their  weight  of  water 
to  dissolve  them.  This  description,  though  by  no  means  so 
amply  characteristic  of  the  class  of  salts  as  to  serve  for  an 
exact  definition,  is  sufficient  for  our  present  purpose. 

III.  By  inflammable  fossils,  the  same  author  observes, 
are  to  be  understood  all  those  of  mineral  origin,  whose  prin- 
cipal character  is  inflammability ;  a  criterion  which  excludes 
the  diamond  and  metallic  substances,  though  also  susceptible 
of  combustion.. 

IV.  Metallic  substances  arc  sufficiently  characterized 
by  the  external  properties  enumerated  in  Chapter  IX.  Those 
on  which  nature  has  bestowed  their  proper  metallic  appear- 
ance, or  which  are  alloyed  only  with  other  metals  or  semi- 
metals,  are  called  native  metals.     But  those  that  are  distin- 
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guished,  as  they  commonly  are  in  mines,  by  combination  with 
some  other  unmetallic  substances,  are  said  to  be  mwcralized^ 
The  substance  that  sets  them  in  that  state  is  called  a  minera- 
lizer ;  and  the  compound  of  both,  an  ore.  Thus,  in  the  most 
common  ore  of  copper,  this  metal  is  found  combined  with 
sulphur.  The  copper  may  be  said  to  be  mineralized  by  oxy* 
gen  and  sulphur,  and  the  compound  of  the  two  bodies  is 
called  an  are  of  copper. 

Art.  I. — Method  of  examining  a  Mineral^  the  Composition  of 
which  is  unknown. 

A  MINERAL  substance,  presented  to  our  examination  with- 
out any  previous  knowledge  of  its  composition,  should  first  be 
referred  to  one  of  the  above  four  classes,  in  order  that  we  may 
attain  a  general  knowledge  of  its  nature,  before  proceeding  to 
analyze  it  minutely. 

I.  To  ascertain  whether  the  unknown  mineral  contain  saline 
matter,  let  100  grains,  or  any  other  determinate  quantity,  in 
the  state  of  fine  powder,  be  put  into  a  bottle,  and  shaken  up 
repeatedly  with  30  times  its  weight  of  water,  of  the  tempera* 
ttire  of  120°  or  150°.  After  having  stood  an  hour  or  two, 
pour  the  contents  of  the  bottle  on  a  filtering  paper,  previously 
weighed  and  placed  on  a  funnel.  When  the  water  has  drained 
oiF,  dry  the  powder  on  a  filtering  paper,  in  a  heat  of  about 
212°:  and,  when  dry,  let  the  whole  be  accurately  weighed. 
If  the  weight  be  considerably  less  than  the  joint  weight  of  the 
powder  before  digestion  and  the  filtering  paper,  we  may  infer 
that  some  salt  has  been  dissolved,  and  the  decrease  of  weight 
will  indicate  its  quantity. 

In  certain  cases  it  may  be  advisable  to  use  repeated  por- 
tions of  boiling  water,  when  the  salt  suspected  to  be  present  is 
difficult  of  solution. 

Should  the  mineral  under  examination  be  proved,  by  the 
foregoing  experiment,  to  contain  much  saline  matter,  the  kind 
and  proportion  must  next  be  determined,  by  rules  which  will 
hereafter  be  laid  down. 

II.  The  second  class,  viz.  earthy  bodies,  are  distinguished 
by  their  insolubility  in  water,  by  their  freedom  from  taste,  by 
their  uninflammability,  and  by  their  specific   gravity  never 
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reaching  5.  If,  therefore^  a  mineral  be  insoluble  in  water, 
when  tried  in  the  foregoing  manner ;  and  if  it  be  not  con- 
9umeil,  either  wholly  or  in  considerable  part,  by  keeping  it, 
for  some  time,  on  a  red-hot  iron ;  we  may  conclude  that  it  i« 
neither  a  salt  nor  an  inflammable  body. 

III.  The  only  remaininj;  class  with  which  it  can  be  con^ 
founded  is  ores  of  metals,  from  many  of  which  it  may  be 
distinguished  merely  by  poising  It  in  the  hand,  the  ores  of 
metals  being  always  heavier  than  earths ;  or,  if  a  doubt  should 
•till  remain*  it  may  be  weighed  hydrostatically.  The  mode  of 
doing  this  it  may  be  proper  to  describe ;  but  the  principle  on 
which  the  practice  is  founded,  cannot  with  propriety  be  ex- 
plained here.  Let  the  mineral  be  suspended  by  a  piece  of 
fine  hair,  silk,  or  thread,  from  the  scale  of  a  balance,  and 
weighed  in  the  air.  Supppse  it  to  weigh  250  grains.  Let  it 
next  (still  suspended  to  the  balance)  be  immersed  in  a  glass 
of  distilled  water,  of  the  temperature  of  60**  Faht.  The  scale 
containing  the  weight  will  now  preponderate.  Add,  therefore, 
to  the  scale  from  which  the  mineral  hangs,  as  many  grain- 
weights  as  are  necessary  to  restore  the  equilibrium.  Suppose 
that  50  grains  are  necessary,  then  the  specific  gravity  may  be 
learned  by  dividing  die  weight  in  air  by  the  weight  lost  in 
water.  Thus,  in  the  foregoing  case,  250  -^50^5;  or,  a  sub** 
stance  which  should  lose  weight  in  water,  according  to  the 
above  proportion,  would  be  five  times  heavier  than  water.  It 
must,  therefore,  contain  some  metal,  though  probably  in  no 
great  quantity.  Any  mineral,  which,  when  weighed  in  the 
above  manner,  proves  to  be  5,  6,  7,  or  more  times  heavier 
than  water,  may,  therefore,  be  inferred  to  contain  a  meCalf 
and  may  be  referred  to  the  class  of  ores. 

]V.  Inflammable  substances  are  distinguished  by  their 
burning  away,  either  entirely  or  in  considerable  part,  on  a 
red«hot  iron  ^  and  by  their  detonating,  when  mixed  with  pow- 
dered nitre,  and  thrown  into  a  red-hot  crucible.  Certain  orea 
of  metals,  however,  which  contain  a  considerable  proportion 
of  inflammable  matter,  answer  to  this  test,  but  may  be  distin- 
guished from  purely  inflammable  substances  by  their  greater 
specific  gravity. 

I  shall  now  proceed  to  ofier  a  few  general  rules  for  tb« 
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more  accurate  examination  of  substances  of  each  of  the  above 

classes. 

Art.  U.-^Examination  ofSalts. 

1 .  A  solution  of  saline  matter,  obtained  in  tlie  foregoing 
manner  (see  page  525)y  may  be  slowly  evaporatedi  and  left  to 
cool  gradually.  When  cold,  crystals  will  probably  appear, 
which  a  chemist,  acquainted  with  the  forms  of  salts,  will  easily 
recognize.  But}  as  several  different  salts  may  be  present  in 
the  same  solutioUi  and  may  not  crystalli^  in  a  sufficiently  dis* 
tinct  shape,  it  may  be  necessary  to  have  recourse  to  the  evi« 
dence  of  tests, 

S.  I.et  the  salt,  in  the  first  place,  be  referred  to  one  of  the 
following  orders, 

(a)  Acids,  or  sails  with  excess  of  acid.  These  are  known  by 
their  effect  on  blue  vegetable  colours.  Tlie  particular  species 
of  acid  may  be  discovered  by  the  tests  enumerated,  p.  513. 

(b)  Alkalis.  These  are  characterized  by  their  effect  on 
vegetable  colours,  and  by  the  other  properties  enumerated, 
vol.  i.  p.  494. 

(c)  Sails  with  metallic  bases.  Metallic  salts  afibrd  a  very 
copious  and  generally  a  coloured  precipitate,  when  mixed  with 
a  solution  of  fbrro-cyanateof  potassa.  (See  table,  vol.  i.  p.  5S3.) 
To  ascertain  the  species  of  metal,  precipitate  the  whole  by  the 
farro*cyanate,  calcine  the  precipitate,  and  proceed  according 
to  the  rules  which  will  hereafter  be  given  for  separating  metals 
from  each  other. 

{d)  Salts  with  earthy  bases.  If  a  solution  of  salt,  in  which 
ferro-cyanate  of  potassa  occasions  no  precipitation,  ailbrd  a 
precipitate^  immediately  on  adding  pure  or  carbonated  potassa, 
we  may  infer,  that  a  compound  of  an  acid,  with  some  one  of  the 
eardis,  is  present  in  the  solution.  Or  if,  after  ferro*cyanate 
ef  potassa  has  ceased  to  throw  down  a  sediment,  the  above- 
mentioned  alkali  precipitates  a  farther  portion,  we  may  infer 
that  both  earthy  and  metallic  salts  are  contained  in  the  solu- 
tion. In  the  first  case,  add  the  alkaline  solution,  and,  when 
it  has  ceased  to  produce  any  effect,  let  the  sediment  subside, 
decant  the  supernatant  liquor,  and  wash  and  dry  the  precipi* 
late.  The  earths  may  be  examined,  according  to  the  rules 
that  will  be  given  in  the  following  article.  In  the  second  case, 
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ferro-cyanate  of  potassa  must  be  added,  as  long  as  it  precipi- 
tates any  thing,  and  the  liquor  must  be  decanted  from  the 
sediment,  which  is  to  be  washed  with  distilled  water,  adding 
the  washings  to  what  has  been  poured  oiF.  The  decanted  so* 
lution  must  next  be  mixed  with  the  alkaline  one^  and  the  pre- 
cipitated earths  reserved  for  experiment.  By  this  last  process, 
earths  and  metals  may  be  separated  from  each  other. 

{e)  Neutral  salts  with  alkaline  bases.  These  salts  are  not 
precipitated  cither  by  ferro-cyanate  or  carbonate  of  potassa. 
It  may  happen,  however,  that*salts  of  this  class  may  be  con- 
tained in  a  solution,  along  with  metallic  or  earthy  ones.  In 
this  case  the  analysis  becomes  difficult ;  because  the  alkali, 
which  is  added  to  precipitate  the  two  last,  renders  it  difficult 
to  ascertain  whether  the  neutral  salts  are  owing  to  this  addi- 
tion, or  were  originally  present.  I  am  not  aware  of  any  me- 
thod of  obvioting  this  difficulty,  except  the  following :  Let 
the  metals  be  precipitated  by  ferro-cyanate  of  ammonia,  and 
the  earths  by  carbonate  of  ammonia,  in  a  temperature  of  180^ 
or  upwards,  in  order  to  ensure  the  decomposition  of  roagne- 
sian  salts,  which  this  carbonate  docs  not  effect  in  the  cold. 
Separate  the  liquor  by  filtration,  and  boil  it  to  dryness.  Then 
expose  the  dry  mass  to  such  a  heat  as  is  sufficient  to  expel  the 
aromonical  salts.*  Those  with  bases  of  fixed  alkali  will  re- 
main unvolatilized.  By  this  process,  indeed,  it  will  be  impos- 
sible to  ascertain  whether  ammoniacal  salts  were  originally 
present ;  but  this  may  be  learned  by  adding  to  the  salt  under 
examination,  before  its  solution  in  water,  some  pure  potassa, 
which,  if  ammonia  be  contained  in  the  salt,  will  produce  the 
peculiar  smell  of  that  alkali.  The  v^;etable  and  mineral  al- 
kalis may  be  distinguished  by  adding  to  the  solution  a  litde 
tartaric  acid,  which  precipitates  the  former  but  not  die  latter; 
or  by  muriate  of  platinum,  which  acts  only  on  the  vegeta- 
ble alkali. 

Having  ascertained  the  basis  of  the  salt,  the  acid  will  easily 

*  This  application  oflient  will  drive  off,  also,  any  excess  of  the  ammo- 
niacal carbonate,  wliich  might  have  retained  in  solution  either  yttria,  gla- 
•  cina,  or  zirconia.    The  alkaline  salts  may  be  separated  from  these  earths, 
by  boiling  the  niiiture  in  water,  filtering,  and  evaporating. 
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be  diflcriminated.  Muriated  baryta  will  indicate  sulphuric 
acid;  nitrate  of  silver  the  muriatic;  and  salts,  containing 
nitric  acid,  may  be  known  by  a  detonation  ensuing  on  pro- 
jecting them,  mixed  with  powdered  charcoal,  into  a  red-hot 
crucible. 

Art.  III. — Examination  of  Earths  and  Stones. 

When  a  mineral,  the  composition  of  which  we  are  desirous 
to  discover,  resists  tlie  action  of  water,  and  possesses  charac- 
ters that  rank  it  amon^  earthy  bodies,  the  next  object  of 
inquiry  is  the  nature  of  the  earths  that  enter  into  its  compo^ 
sition ;  in  other  words,  how  many  of  the  simple  earths,  and 
which  of  them,  it  may  contain. — Of  these  earths  (vix.  silica* 
alumina,  magnesia,  lime,  strontia,  baryta,  zirconia,  glucina, 
and  yttria),  one  or  more  may  be  expected  in  the  composition 
of  a  mineral,  beside  a  small  proportion  of  metals,  to  which  the 
colour  of  the  stone  is  owing.  In  general,  however,  it  is  not 
usual  to  find  more  than  four  of  the  simple  earths  in  one  mine- 
ral. Tlie  newly  discovered  alkali,  lithia,  and  the  earths,  zFr- 
conia,  glucinn,  yttria,  and  thorina,  occur  very  rarely. 

A  stone,  which  is  intended  for  chemical  examination,  should 
be  finely  powdered  in  a  mortar;  and  care  should  be  taken 
that  the  mortar  is  of  liarder  materials  than  the  stone,  other- 
wise it  will  be  liable  to  abrasion,  and  uncertainty  will  be  oc- 
casioned in  the  result  of  the  process.  A  longer  or  shorter 
time  is  required,  according  to  the  texture  of  the  stone.  Of 
the  harder  gems,  100  grains  require  two  or  three  hours*  tritu- 
ration. For  soft  stones,  a  mortar  of  Wedgwood's  ware  is  suf- 
ficient; but,  for  very  hard  minerals,  one  of  agate,  or  hard  steel, 
is  required ;  and  the  stone  should  be  weighed  both  before  and 
after  pulverization,  that  the  addition,  if  any,  may  be  ascer- 
tained and  allowed  for.  Gems,  and  stones  of  equal  hardness, 
gain  generally  from  10  to  IS  per  cent.  When  a  stone  is  ex- 
tremely difficult  to  be  reduced  to  powder,  it  may  sometimes 
be  necessary  to  make  it  red-hot,  an<l  while  in  tliis  state  to 
plunge  it  Into  cold  water.  By  this  process  it  becomes  brittle^ 
and  is  afterwards  easily  pulverized.  But  this  treatuient  is  not 
always  effectual;  for  Klaproth  found  the  hardnei^.of  corun* 

VOL.  II.  2  m 
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dum  not  at  All  dimi&isbed  by  Igoiling  it>  and  qscndiiiig  ifi 
cold  water. 

The  chemical  ogents^  employed  in  the  analysis  of  stones, 
should  be  of  the  greatest  possible  purity.  To  obtain  tbem  irt 
this  state,  directions  have  been  given  in  the  former  part  of 
this  work. 

In  treating  of  the  analysis  of  stones,  it  nniy  be  proper  to 
divide  them,  1st,  into  such  as  are  soluble^  either  wholly  or  in 
pMt^  and  with  effenresoence,  in  nitric  oir  muriatic  acids,  di- 
luted witli  five  or  six  parts  of  water ;  and^  2dly,  kito  socb  m 
do  net  dissolve  in  these  acids* 

h  Earths  or  Siones^  soliibU  with  efferuescencey  in  dihtled  nitric 
or  sulphuric  AcidsJ* 

(A)  If  it  be  foundy  on  trial,  that  the  mineral  onder  examU 
nation  effervesces  with  either  of  these  acids,  let  a  given  weighty 
finely  powdered,  be  digested  with  one  of  them  diluted  in  the 
above  proportion,  in  a  gentle  heat,  for  two  or  three  hours« 
Ascertain  the  loss  of  weight,  in  the  manner  pointed  out,  vol*  u 
p.  B2S9  and  filter  the  solution,  reserving  tlie  insoluble  por- 
tion. 

.  (B)  The  solution,  when  effected,  may  contain  lime^  mag* 
nesia,  alumina,  baryta,  or  strontia.  To  ascertain  the  pre* 
seace  of  the  two  last,  dilute  an  aliquot  part  of  the  solution  with 
SO  times  its  bulk  of  water,  and  add  a  little  sulphuric  acid,  or, 
iu  preference,  solution  of  sulphate  of  soda.  Should  a  while 
pireeipitate  fall  down,  we  may  infer  the  presence  of  baryta,  of 
strontia,  or  of  both. 

(C)  To  ascertain  which  of  these  eartlis  (viz*  baryta  or  6tron« 
tia)  is  present,  or,  if  both  are  contahied  in  the  solution,  to 
separate  them  from  each  other,  add  sulphate  of  soda  to  a  very 
dilute  solution,  till  tlie  precipitate  ceases ;  decant  the  sup«^ 
uatant  liquid;  wash  the  sediment  on  a  filter,  and  dry  it--^ 
Then  digest  it,  with  lour  times  lu  weight  of  subcarbonate  of 
potassa,  and  a  sufficient  quantity  of  water,  in  a  gdntle  beat. 


•  Tbs  aalybitfit  add  il  chi*fl j  eligible  for  stones  of  tb«  magnesiati  gtniu. 
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during  several  hours.  A  double  excbsDge  of  prioclples  will 
ensue,  and  we  shall  obtain  a  carbonate  of  barjta  or  ttronlia^ 
or  a  mixture  of  both,  with  some  undecomposod  sulphate. 
Pour  on  these^  after  being  well  washed,  nitric  aeid^  of  the 
specific  grarity  1.4,  diluted  with  an  equal  weight  of  distilled 
water.  This  will  dissolve  the  strontia,  but  not  the  baryta. 
To  determine  whether  any  stromia  has  been  taken  up  by  the 
acid,  eiraporate  the  solution  to  dryness,  and  dissolve  the  dry 
mass  in  alcohol.  This  alcoholic  solution^  if  it  contain  nitrate 
of  strontta,  will  bnrn  with  a  deep  blood-red  fiame. 

Baryta  and  strontia  may  also  be  separated  from  each  odMff 
in  the  following  manner:  To  a  saturated  solution  df  the  two 
earths  in  an  acid,  add  ferro-cyanate  of  potassa,  which,  if  pur^ 
will  occasion  no  immediate  precipitation;  but,  after  some 
time,  small  and  insoluble  crystals  will  form  on  the  surface  of 
the  jan  These  are  the  prussiated  baryta,  which  may  be 
changed  into  the  carbonate  by  a  red  heat,  continued,  with  the 
access  of  air,  till  the  black  colour  disappears.  The  strontta 
may  be  afterwards  separated  from  the  solution  by  carbonate 
of  potassa. 

A  third  method  of  separating  strontia  from  baryta  is  fbnnd- 
ed  on  the  stronger  affinity  of  baryta,  than  of  the  former  earth, 
for  acids.  Hence  if  the  two  earths  be  present  in  the  same 
solution,  add  a  solution  of  pure  baryta,  till  the  precipitation 
ceases.  The  baryta  will  seize  the  acid,  and  will  throw  down 
tlie  strontia.  The  strontitic  solution,  in  this  case,  should  have 
no  excess  of  acid,  which  would  prevent  the  action  of  thebary- 
tic  earth.*  It  must  be  acknowledged,  however,  that  all  these 
methods  of  separating  baryta  and  strontia  from  each  other  are 
imperfect,  and  that  an  effectual  process  is  still  a  desideratum. 

(D)  The  solution  (B),  after  the  additioil  of  sulphate  of 
soda,  may  contain  lime,  magnesia,  alumina,  and  some  metallic 
oxides.  To  separate  the  oxides,  add  ferro-cyanate  of  potassa, 
till  its  effects  cease,  and  filter  the  solution,  reserving  the  pre- 
cipitate for  future  experiments. 

•  Klaprolb  separates  baryta  from  strontia  by  ervporatinf  tbemiied  solu- 
tions  ef  both.    Tbe  barytie  salt,  being  lets  soluble,  separates  first }  nni  tl|s 

stroRtitic  is  contained  in  the  last  portions. 

2  h2 
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(E)  When  lime^  magnesia,  and  alumina)  are  contained  in 
the  same  solution,  proceed  as  follows : 

(a)  Precipitate  the  solution,  previously  made  hot,  by  car- 
bonate of  potassa ;  wash  the  precipitate  welU  and  dry  it.  It 
will  consist  of  carbonate  of  lime,  magnesia,  and  alumina. 
(b)  The  alumina  may  be  separated  by  digestion  with  a  solu- 
ti<m  of  pure  potassa,  which  will  dissolve  the  alumina,  but  not 
the  other  earths,  (c)  To  this  solution  of  alumina,  add,  very 
cautiously,  diluted  muriatic  acid,  till  the  precipitate  ceases,  and 
no  longer :  or,  as  Mr.  Cbenevix  recommends,  substitute  mu- 
riate of  ammonia,  which  throws  down  the  alumina  without 
risk  of  re-dissolving  it ;  decant  the  supernatant  liquor ;  wash 
the  precipitate  well  with  distilled  water,  and  dry  it.  Then 
expose  it  to  a  low  red  heat,  in  a  crucible,  and  weigh  it,  which 
will  give  the  proportion  of  alumina. 

(F)  Magnesia  and  lime  may  be  sepfirated,  though  not  vdth 
perfect  accuracy,  by  the  following  process :  £va}K>ratc  to  dry- 
ness the  solution  in  nitric  or  muriatic  acid.  Weigh  the  diy 
mass,  and  pour  on  it,  in  a  glass  evaporating  dish,*  more 
than  its  own  weight  of  strong  sulphuric  acid.  Apply  a  sand- 
heat  till  the  acid  ceases  to  rise^  and  then  raise  the  heat,  so  as 
to  expel  the  excess  of  sulphuric  acid.  Weigh  the  dry  mass, 
uad  digest  it  in  twice  its  weight  of  cold  distilled  water.—- This 
will  dissolve  the  sulphate  of  magnesia,  and  will  leave  the  sul- 
phate of  lime,  which  must  be  put  on  a  filter,  washed  with  a 
little  more  water,  and  dried  in  a  low  red  heat.  To  estimate 
the  quantity  of  lime,  allow  for  that  base  41  per  cent,  of  the 
weight  of  the  precipitate  ascertained  before  it  has  become 
cold. 

The  magnesia  is  next  to  be  precipitated  from  its  sulphate 
by  the  sub-carbonate  of  potassa,  in  a  heat  approaching  212^; 
.and  the  precipitate,  after  being  well  washed,  must  be  dried, 
and  calcined  for  an  hour.  Its  weight,  after  calcination,  will 
give  the  quantity  of  magnesia  conuined  in  the  stone. 

It  had  been  recommended,  when  magnesia  and  lime  are 
contained  in  the  same  solution,  to  precipitate  the  latter  by  the 

♦  The  bottom  of  a  brokeo  Florence  flask  answers  this  purpose  extremely 
well,  and  bears,  without  breaking,  the  heat  necessary  to  expel  the  salphoric 
add. 
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bi«carbouate  of  potassa;  but  it  has  been  sbowii  by  Bocliolz, 
that  this  process  is  defective^*  a  considerable  proportion  of 
tbe  carbonate  of  lime  remaining  in  solution.  Dobereiner  pre- 
fers adding  the  sub-carlxmate  of  ammonia  to  tbe  cold  solution 
of  tbe  two  earths.  The  carbonate  of  lime  is  thus  thrown 
down,  and  carbonate  of  magnesia  may  afterwards  be  separated^ 
by  boiiittg  the  liquor;  but  it  is  found  in  practice  that  tbe  first 
precipitate  contains  a  little  magnesia,  and  the  second  a  little 
lime.  To  obviate  this  diflScuity  both  carbonates  may  be  pre* 
cipitated  together  by  adding  sub-carbonate  of  soda  or  of 
potassa  to  the  heated  solution ;  and  from  this  precipitate^  after 
being  sufficiently  washed,  muriate  of  ammonia  will  take  up 
the  carbonate  of  magnesia,  leaving  that  of  lime  separate. 
From  the  weights  of  the  carbonates,  it  is  easy  to  estimate 
those  of  the  pure  earths  contained  in  them. 

Mr.  Phillips  recommends  the  following  plan  of  separating 
lime  and  magnesia  from  each  other.  To  tbe  muriatic  or 
nitric  solution  of  the  two  earths,  add  sulphate  of  ammonia  in 
sufficient  quantity ;  evaporate  the  mixture  gradually  to  dry- 
ness; and  then  heat  it  to  redness,  till  it  ceases  to  lose  weight 
by  tlic  volatilization  of  the  muriate  or  nitrate  of  ammonia 
formed.  Note  the  weight  of  the  mixed  salt,  reduce  it  to  pow- 
der, and  wash  it  with  a  cold  saturated  solution  of  sulphate  of 
lime,  till  all  the  sulphate  of  magnesia  appears  to  be  dissolved ; 
dry  the  sulphate  of  lime  left;  and  by  deducting  its  weight 
from  that  of  the  mixed  sulphates,  tbe  quantity  of  sulphate  of 
magnesia  dissolved  will  appear,  (Quart.  Journ.  vL  316.) 
This  method,  which  it  appears  had  been  practised  also  by 
Mr.  Cooper,  has  been  shown  by  the  latter  to  be  susceptible 
of  great  precision.     (Quart  Journ.  vii.  392. )t 

Dr.  Daubeny,  in  aa  elaborate  memoir  on  the  methods  of 
separating  lime  from  magnesia,  (Edinburgh  Philosophical 
Journal,  vii.  108.)  proposes  the  following  modification  of  the 
process  which  has  been  just  described.  Dissolve  a  given  por- 
tion of  the  earth  under  examination  in  nitric  acid,  thus  sepa* 

*  Aun.  cle  Chim.  et  Pbys.  iii.  403. 

t  Respecting  the  separation  of  these  earths,  the  reader  may  also  consult 
Ann.  de  China,  et  de  Phys.  is.  177.  xii.  255  and  xrii,  349;  aUo  Ann.  of 
Phil.  xii.  394.  ziii.  58. 
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rfttitig  die  silica,  aad  most  of  the  peroxide  of  iron,  fron  the 
hvaef  magnesiai  alttmina,  protoxide  of  iron,  ice.  Evaporate 
the  solution,  and  drive  off  the  nitric  acid  by  heat,  tfans  ooo- 
verting  the  iron  into  a  peroxide.  Weigh  the  vesidmim  after 
ealcinatimi,  and  treat  it  with  distilled  vinegar  or  diluted  aeetic 
acid,  which  will  take  oip  only  the  lime  and  magnesia.  Sub- 
tract die  weight  of  the  undi»olved  porti<m  from  that  of  die 
^i«sidttum  after  calcination,  thus  ascertaining  the  joint  weight 
^  the  dinolved  lime  and  magnesia;  ihea  decompose  die 
acetates  by  sulphate  of  ammonia;  evaporate  the  solution  neaHy 
to  dryness,  and  separate  the  sulphate  of  magnesia  from  the 
sulphate  of  lime,  by  washing  with  water  already  saturated  with 
sulphate  of  lime.  Expose  the  sulphate  of  lime  to  a  red 
heat,  and  ascertain  its  weight,  from  which  the  amount  of  the 
lime  originally  present  may  be  Madily  deduced.  We  may 
then  infer  the  weight  of  the  magnesia  (torn  the  diflference 
between  the  amount  of  the  lime,  and  that  of  the  whde  which 
the  vinegar  was  found  to  have  dissolved ;  or,  if  we  wish  to 
verify  the  result,  it  may  be  done  by  precipitating  the  mag- 
nesia by  an  alkali,  or  still  better  by  converting  it  into  triple 
phosphate.  Thequantity  of  sulphate  of  lime,  present  in  the 
water  used  for  washing  off  the  sulplwte  of  magnesia,  may  be 
estimated  aad  allowed  for. 

Or  we  may  content  ourselves  by  dissolving  the  lime  and 
aoflgnesia  in  muriatic  acid ;  decomposing  the  solution  by  sul- 
phate of  ammonia ;  and  after  suffering  the  sulphate  of  lime  to 
subside,  decanting  off  the  supernatant  liquor,  and  throwing 
down  the  magoesta  from  the  latter  by  carbonate  of  ammonia 
and  phosphate  of  soda.  The  magnesia  contained  in  the  pre- 
cipitate may  be  estimated  by  the  rule  already  given,  page  511. 

(G)  If  magnesia  and  alumina  only  be  held  in  sdntion  by  an 
aeid  <tbe  absence  of  Ume  being  indicated  by  the  non-appear- 
aneeof  a  precipitate,  on  adding  oxalate  of  ammonia),  the  two 
earths  may  be  separalecl  by  adding,  to  the  cold  solution,  the 
aarbonate  of  ammonia.  This  will  sqiarate  the  aisunina,  which 
may  be  collected,  washed,  and  dried.  To  ascertain  that  a 
complete  separation  of  the  two  earths  has  been  accomplished, 
the  process  may  be  followed,  which  is  recommended  by  Klap^ 
roth,  in  his  Contributions,  vol.  i.  page  418,    The  Jiiflcneaia« 
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rmmmmg  in  solttCioo»  najr  be  preeipitatad  by  lub^MiliMate 
of  potassa ;  heat  being  applied^  to  espel  th«  exottt  of  carbopio 
add. 

Magnesia  and  alumina  noay^  also,  b«  separated  by  suecilMice 
of  aoda,  which  precipitates  the  latter  earth  only.* 

When  the  nitric  solution  of  magnesia,  of  alumina,  or  of 
bodi»  contains  a  small  proportion  of  iron,  this  may  be  sepa- 
rated from  either  or  both  of  the  earths  fay  e^raporating  to  dry- 
ness, calcining  the  residue,  during  one  hour,  in  a  low  red 
heat,  and  dissolving  again  in  dilute  nitric  acid,  which  does  not 
take  up  iron  when  thus  per-oxidized. 

(H)  The  insoluble  residue  (A)  may  contain  alumina,  silicai 
and  o^^ides  of  metals,  so  far  oxidized,  as  to  resist  the  action  of 
nitric  and  muriatic  acids. 

(a)  Add  concentrated  sulphuric  acid,  with  a  small  quantity 
of  potassa,  and  evaporate  the  mixture  to  dryness,  in  the  vessel 
described  in  the  note  p.  532.  On  the  dry  mass  pour  a  fresh 
portion  of  the  acid ;  boil  again  to  dryness^  and  let  this  be 
done,  repeatedly,  three  or  four  times.  By  this  operation,  the 
alumina  will  be  converted  into  alum,  which  will  be  easily 
soluble  in  warm  water;  and  from  the  solution,  crystals  of 
alum  will  shoot  on  evaporation.f  The  alumina  may  be  pre- 
cipitated from  the  sulphuric  acid  by  carbonate  of  potassa ; 
washed,  dried,  and  ignited;  and  its  weight  ascertained. 

During  the  evaporation  of  a  solution  of  alumina,  which  has 
been  separated  from  silica,  portions  of  the  latter  earth  continue 
to  fall,  even  to  tlie  last.^  These  must  be  collected,  and 
washed  with  warm  water ;  the  collected  earth  added  to  the 
portion  (&),  and  the  washings  to  the  solution  (a). 

Alumina  may  be  separated  from  oxide  of  iron  by  a  solution 
of  pure  potassa.   . 

From  whatever  acid  alumina  is  precipitated  by  a  6xed 
alkali,  it  is  apt  to  retain  a  small  portion  of  the  precipitant. 
To  ascertain  the  true  quantity  of  this  earth,  it  must,  therefore, 

*  Sm  avtt.  of  tbs  dM}jt«r  on  Miaeral  Waters. 

f  Klaproth  procured  crystals  of  atom  from  one  fonrth  of  a  graiu  of 
aWSMS.  The  qaantity  of  alomina  he  estinates  at  one  tenth  the  weight  of 
the  erysCaHifed  alom  which  is  obtained. 

{  See  Klaproth,  yoL  i.  pages  6G  and  75. 
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be  re-dittolved  in  acetous  acid,  again  precipitated  by  solntion 
of  pure  ammonia,  dried,  and  ignited. 

{b)  The  oxidet  (generally  of  iron  only)  may  be  separated 
from  the  silica  in  the  following  manner : — Let  the  insoluble 
part  (a)  be  heated  in  a  crucible  with  a  little  wax.  This  will 
render  the  oxides  soluble  in  diluted  sulphuric  acid,  and  the 
silica  will  be  left  pure  and  white.  Let  it  be  washed,  ignited, 
and  its  weight  ascertained. 

2.  Siones  insoUille  in  diluted  niiric  and  muriatic  Adds. 

These  stones  must  be  reduced  to  powder,  observing  the  cau- 
tions given  in  page  529. 

(1)  Let'lOO  grains,  or  any  other  determinate  quantity,  be 
mixed  with  three  times  their  weight  of  pure  and  dry  potassa. 
Put  the  whole  into  a  crucible  of  pure  silver,  set  in  one  of 
earthenware  of  a  larger  size,  the  interstice  being  filled  with 
sand ;  and  add  a  little  water.*  The  crucible,  covered  with 
a  lid,  must  then  be  gradually  heated ;  and,  as  the  materials 
swell  and  would  boil  over,  they  are  to  be  stirred  constantly 
with  a  rod  or  spatula  of  silver.  When  the  moisture  is  dissi- 
pated, and  the  mass  has  become  quite  dry,  raise  the  heat  as  far 
as  can  be  done  without  melting  the  crucible,  if  of  silver,  and 
continue  the  heat  dm*ing  half  an  hour,  or  an  hour. 

The  phenomena  that  occur  during  this  operation,  indicate, 
in  some  d^ree,  the  nature  of  the  mineral  under  examination. 
If  the  mixture  undergo  a  perfectly  liquid  fusion,  we  may  pre- 
sume that  the  stone  contains  much  siliceous  earth ;  if  it  remain 
pasty  and  opaque,  the  other  earths  are  to  be  suspected ;  and, 
lastly,  if  it  have  the  form  of  a  dry  powder,  the  bulk  of  which 
has  considerably  increased,  it  is  a  sign  of  the  predominance 
of  alumina. 

If  the  fused  mass  have  a  dark  green  or  brownish  colour,  the 


*  Rlaproth  e£fecled  the  disintegration  of  coraniluni  (which  resittad  eleven 
successive  fasions  with  alkali)  by  adding  to  the  powdered  stone,  in  a  crnci* 
ble,  a  solution  of  pure  potassa,  boiling  to  dryness,  and  pushing  the  mixture 
to  fusion.  The  alkali  must  be  perfectly  caustic,  and  must  have  been  puri- 
fied by  alcohol.  A  platinum  crucible  is  unfit  for  this  purpose,  as  it  is  cor- 
roded by  pure  alkalis. 
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preaence  of  oxide  of  iron  is  announced;  a  bright  green  indU 
catee  manganese,  especially  if  the  colour  be  imparted  to  water ; 
and  a  yellowish  green  the  oxide  of  chrome. 

(a)  The  disintegration  of  stones,  consisting  chiefly  of 
alumina,  is  not  easily  efiected,  however,  by  means  of  potassa. 
Mr.  Chenevix  found  (Philosophical  Transactions,  1802)  that 
minerals  of  this  class  are  much  more  completely  decomposed 
by  fusion  with  calcined  borax*  One  part  of  the  mineral  to  be 
examined,  reduced  to  a  very  fine  powder,  and  mingled  with 
2-^  or  three  times  its  weight  of  glass  of  borax,  is  to  be  exposed 
to  a  strong  heat  for  two  hours  in  a  crucible  of  platinum,  set 
in  a  larger  earthen  one,  and  surrounded  by  sand.  The  cru- 
cible and  its  contents,  which  adhere  very  strongly  to  it,  are 
then  to  be  digested,  for  some  hours,  with  muriatic  acid,  by 
which  a  perfect  solution  will  be  accomplished.  The  whole 
of  the  earthy  part  is  then  to  be  precipitated  by  subn^rbonate 
of  ammonia;  and  the  precipitate,  after  being  well  washed,  is 
to.be  re^issolved  in  muriatic  acid.  By  this  means,  the 
borax  is  separated.  The  analysis  is  afterwards  to  be  conducted 
nearly  in  the  manner  which  will  presently  be  described. 

(K)  The  crucible^  being  removed  from  the  five,  is  to  be 
well  cleaned  on  the  outside,  and  set,  with  iu  contents,  in  a 
porcelain  or  glass  vessel,  filled  with  hot  water,  which  is  lo 
be  stirred  and  renewed,  occasionally,  till  the  whole  mass  is 
detached.  The  water  dissolves  a  considerable  part  of  the 
compound  of  alumina  and  silica  with  polassa,  and  even  the 
whole,  if  added  in  sufficient  quantity.  During  coolin^i^  a  sor 
diment  occasionally  forms,  in  the  filtered  liquor,  of  a  brown- 
ish  ccdour,  which  is  oxide  of  manganese.  (See  Klaproth, 
i.  S45,  b.) 

(L)  To  the  solution  (K),  and  the  mass  that  has  resisted 
solution,  in  the  same  vessel,  add  muriatic  acid.  The  first  por- 
tions of  acid  will  throw  down  a  flocculent  sediment  which 
consists  of  the  earths  that  were  held  dissolved  by  the  alkali. 
Then  an  effervescence  ensues;  and  a  precipitate  occurs,  which 
is  no  sooner  formed  than  it  is  dissolved.  Lasdy,  the  portion 
that  resisted  the  action  of  water  is  taken  up,  silently  if  it  con- 
tain alumina,  and  with  effervescence  if  it  be  carbonate  of  lime. 

(M)  From  the  phenomona  attending  the  action  of  muriatic 
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acid,  aome  indications  may  be  darned.  If  ilia  ialutfao  i 
a  purplish  red  colour,  it  is  a  sign  of  oxid«  of  manfpineaef  an 
orange  red  shows  iron;  and  a  gold  yeliour  colour  betokena 
chrome.  Freedom  from  colour  proves  that  the  stxme  con- 
tains no  metallic  ingredients. 

(N)  When  the  solution  is  complete,  it  is  to  be  evaporated 
to  dryness  in  a  glass  vessel ;  but,  if  any  thing  resist  solution, 
k  must  be  heated,  as  before  (I),  with  potesSa.  When  the 
liquor  appixiaches  to  dryness,  it  assumes  the  form  of  a  jelly, 
and  roust  then  be  diligently  stirred  till  quite  dry. 

(O)  (a)  Let  the  dry  mass  be  digested,  at  a  gentle  heat>  with 
three  or  four  pints,  or  even  more,  of  distilled  water,  and  filtered. 
{i)  Wash  what  remains  on  the  filter,  repeatedly,  till  the  wash<^ 
ipgs  eease  to  precipitate  the  nitrate  of  silver,  and  add  the 
washings  to  the  filtered  liquor,  (c)  Let  the  residue  on  ttie 
filter  be  dried  and  ignited  in  a  crucible.  Its  weight  shows  the 
quantity  of  silica.  If  pure,  it  should  be  perfectly  white;  but  if 
k  has  any  colour,  an  admixture  of  some  metallic  oxide  is  indi^ 
bated.  From  this  it  may  be  purified  by  digestion  in  muriatic 
acid,  and  may  again  be  washed,  ignited,  and  weighed. 

(P)  The  solution  (O),  which,  owing  to  the  addition  of  the 
washings,  will  have  considerable  bulk,  is  next  to  be  evaporated, 
till  less  than  a  pint  remains ;  carbonate  of  potassa  must  then  be 
added,  and  the  liquor  must  be  heated  during  a  few  minutes. 
Let  the  precipitate,  occasioned  by  the  alkali,  subside;  decant 
the  liquor  from  above  it,  and  wash  the  sediment,  repeatedlyi 
with  warm  watm'.     Let  it  then  be  put  on  a  filter  and  dried. 

(Q)  The  dried  powder  may  contain  alumina,  lime,  mag- 
nesia, baryta,  or  strontia;  besides  metallic  oxides,  which  may 
be  separated  from  each  other  by  the  rules  already  given. 

(R)  It  may  be  proper  to  examine  the  solution  (P)  after  the 
addition  of  carbonate  of  potassa,  in  order  to  discover,  whether 
any  and  what  acid  was  contained  in  the  stone. 

(a)  For  this  purpose,  let  the  excess  of  alkali  be  neutralised 
by  muriatic  acid,  and  the  liquor  filtered. 

(p)  Add,  to  a  little  of  this  liquor,  a  solution  of  muriated 
baryta.  Should  a  copious  precipitate  ensue,  which  is  inso- 
lubie  in  diluted  muriatic  acid,  the  presence  of  sulphuric  acid  is 
detected.    And  if  much  baryta^  strontia^  or  lime,  has  been 
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fimnd  m  ihe  precipitate  (Q),  we  may  infer  the  presence  of  a 
MtlpiMite  of  one  of  these  three  eartha. 

(c)  If  on  mixing  the  liquid  (a)  with  the  aolotion  of  murialed 
baryta,  a  precipitate  should  ensne  which  is  soluble,  without 
effervescence,  in  muriatie  add,  the  phosphoric  acid  may  be 
known  to  be  present;  and,  if  lime  be  also  founds  the  plioa* 
phate  of  lime  is  indicated. 

{d)  To  a  portion  of  the  liqnor  (a)  add  a  solution  of  muriate 
of  lime  till  the  precipitate,  if  any,  ceases.  Collect  this  preei«- 
pitiUe,  wash  it,  dry  it,  and  pour  on  it  a  little  sulphuric  acid* 
Should  acid  fumes  arise,  the  fluoric  acid  may  be  swq^eeted* 
To  ascertain  its  presence  decisiyely,  distil  a  portion  of  the 
precipitaite  widi  half  its  w^eigfat  of  sulphuric  acid.  The  Auorie 
acid  wiU  be  known  by  iu  effects  on  the  retort,  and  by  its  other 
properties. 

.  (S)  The  method  of  separating,  from  each  other,  the  metal* 
lie  oxides,  usually  found  as  the  colottring  ingredients  of  atones* 
remains  to  be  accomplished. 

(a)  Let  the  precipitate,  by  ferro-^yanate  of  potassa  (D)«  be 
exposed  to  a  red  liMt,  by  which  the  prusaic  add  will  be  de* 
composed*  The  oxides  thus  obtained,  if  insoluble  in  dilute 
nitric  or  muriatic  acid,  will  be  rendered  soluble,  by  again 
calcining  them  with  the  addition  of  a  little  wax  or  oil. 

{b)  Or  the  process  may  be  varied  by  omitting  the  precipiv 
tation  by  ferro^cyanate  of  potassa,  and  proceeding  as  directed 
(E)«  The  oxides  will  remain  mixed  with  the  magnesia  and 
lime,  and,  after  the  addition  of  sulphuric  acid,  will  be  held 
in  solutioo  by  tliat  acid,  along  with  magnesia  only. 

In  both  cases  tlie  same  method  of  proceeding  may  be 
adopted;  such  variation  only  being  necessary  as  is  oocaaioned 
by  the  presence  of  magnesia  in  the  hitter. 

(c)  1  o  the  solution  (a  or  b)y  containing  several  metallic 
oxides  dissolved  by  an  add,  add  a  solution  of  bi*carbonate  of 
potassa»  as  long  as  any  precipitation  ensnes.  This  will  sepa* 
rate  the  oxides  of  iron,  chrome,  and  nickel ;  but  the  oxide  of 
maoganese  and  the  magnesia,  if  any  be  present,  will  remain 
diasolvjcd. 

If  a  small  quantity  of  oxide  of  manganese  be  suyected  in 
an  oxide  of  iron,  it  may  be  detected  by  mixing  the  oxide  with 
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nitre,  and  throwing  the  mixture  into  a  red-hot  crucible.  Man- 
ganese will  be  indicated  by  an  amethystine  red  tinge  in  the 
solution  of  this  nitre. 

To  separate  the  oxides  of  iron  and  manganese  from  each 
other,  Oehlen  recommends  succinic  acid,  which  is  preferred, 
also,  by  Klaproth  and  Buchob.  Berzeltus  empkiys  for  this 
purpose  the  compounds  of  benzoic  acid.  Dr.  John  advises 
the  addition  of  oxalate  of  potassa  to  the  solution  of  the  two 
oxides,  first  rendered  as  neutral  as  possible ;  but  Buchok  finds 
that  this  process  is  imperfect,  and  that  the  oxalates  precipitate 
manganese  as  well  as  iron. 

Mr.  Hatchett  has  suggested  a  better  method  of  separating 
iron  from  manganese.  The  solution  of  the  orcj  made  by  suU 
phuric  acid,  and  filtrated,  must  be  diluted  with  three  or  four 
pints  of  cold  distilled  water.  To  this  liquid,  pure  ammonia 
must  be  gradually  added,  till  it  slightly  restores  the  blue  co- 
lour of  reddened  litmus  pi^ier.  The  oxide  of  iron  will  thus 
be  separated,  and  will  remain  on  the  filter  upon  which  the 
liquor  is  thrown;  and  the  oxide  of  manganese  will  pass 
through  it,  in  a  state  of  solution,  llie  oxide  of  manganese 
may  be  obtained  by  evaporation  to  dryness,  and  by  cal- 
cining in  a  heat  sufficient  to  expel  the  muriate  of  ammonia.* 
The  advantage  of  this  method  is,  that  the  triple  sulphate  of 
ammonia  and  mai^anese,  being  very  soluble  in  water,  is  not 
affected  by  an  excess  of  alkali,  so  that  no  nicety  is  required  in 
the  addition  of  the  ammonia.  At  the  same  time,  Mr.  Faraday 
observes,  it  is  necessary  that  there  be  sulphuric  acid  enough 
present  to  form,  with  the  ammonia  and  the  manganese^  the 
soluble  triple  salt.  IF  to  a  solution  containing  much  manga- 
nese and  little  iron,  excess  of  ammonia  be  added,  manganese 
will  be  thrown  down  as  well  as  iron,  because  the  sulphuric 
acid  present  is  not  sufficient  to  combine  with  the  manganese 
and  the  ammonia,  in  the  proportions  required  to  convert  the 
whole  of  the  manganese  into  a  triple  salt.  In  such  a  case, 
sulphuric  acid  ought  to  be  added  to  the  solution  before  the 
ammonia.  When  the  proportion  of  iron  is  greater,  of 
course  there  is  more  sulphuric  acid  present  to  combine  witli 

*  Thomson's  Aiinais,  v.  843. 
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the  ammonia,  and  less  additional  add  is  required.  (Quarterly 
Journal,  vi.  154.) 

Some  other  methods  of  separating  iron  and  manganese,  in 
addition  to  that  of  Mr.  Hatchett,  have  been  described  by  Mr. 
Faraday  in  the  sameyolume  of  the  Quarterly  Journal,  p.  S57. 
One  of  the  most  easy  and  simple  seems  to  be,  to  throw  down 
the  oxides  (the  iron  being  peroxidized),  together  from  their 
solution ;  to  wash  them  by  decantation ;  and  to  digest  them  in 
muriate  of  ammonia  with  a  little  sugar.  Tlie  manganese, 
both  protoxide  and  peroxide,  will  be  dissolved,  and  the  oxide 
of  iron  will  remain. 

Of  these  methods  of  separating  iron  and  manganese,  it  is 
probable  that  Mr.  Herschell  was  not  aware,  when  (in  a  paper 
published  in  the  Annals  of  Philosophy,  N.  S.  iii.  95),  he  con- 
demned as  ineflectual  all  methods  antecedent  to  the  following, 
which  he  has  himself  proposed.  The  solution  containing  iron 
is  to  be  brought  to  the  maximum  of  oxidation,  capable  of 
being  communicated  by  boiling  with  nitric  acid.  It  is  then 
to  be  just  neutralized,  while  in  a  state  of  ebullitionf  by  carbo* 
nate  of  ammonia.  Tlie  whole  of  the  iron  to  the  last  atom  is  pre* 
cipitated,  and  the  whole  of  the  other  metals  present  (supposed 
to  be  manganese,  cerium,  nickel,  and  cobalt),  remains  in  so- 
lution. To  insure  success,  it  is  necessary  that  no  oxide  of 
manganese  or  cerium,  above  the  first  degree  of  oxidation, 
should  be  present;  otherwise  it  will  fall  down  along  with  the 
iron.  In  performing  the  process,  the  metallic  solution  should 
not  be  too  concentrated,  and  must  be  agitated  the  whole  time, 
especially  towards  the  end;  and  when  the  tests  of  alkalis  are 
feebly  aflected,  the  ammoniacal  carbonate  must  be  added 
slowly  and  in  a  diluted  state.  The  precipitation  turns  on  a 
peculiarity  in  the  peroxide  of  iron,  by  virtue  of  which  it  is 
incapable  of  existing  in  a  neutral  solution  at  a  boiling  tempe- 
rature. It  may  be  made,  Mr.  Herschell  finds,  the  principle 
of  a  method  of  detecting  the  minutest  quantity  of  other  metals 
in  union  with  iron,  for  example,  of  nickel,  titanium,  and  man- 
ganese, but  not  of  uranium. 

(d)  Magnesia  and  oxide  of  manganese  may  be  separated  by 
adding  to  their  solution  {c)  the  hydro-snlphuret  of  potassa,* 


*  See  vol.  i.  page  S70. 

Digitized  by  VjOOQ IC 


MS  or   OHBHICAL  AlfAI#r819*     :  CQAP.  KIT. 

which  mrill  throw  down  the  nianganese,  bift  not  tlie  aaagneftul* 
The  precipitated  manganese  must  be  calcined  with  the  necesa 
of  air  and  weighed.  The  magneeia  may  afterward  be  sepa- 
rated by  solution  of  pure  potassai  or  oF  the  sobcarbonate^  at 
A  boiling  heat,  and,  when,  precipitated,  must  be  Washed,  dried^ 
and  calcined. 

(e)  The  oxide  of  chrome  may  be  separated  from  those  of 
icon  and  nickel,  by  repeatedly  boiling  the  three  to  dryooM, 
with  nitric  acid.  This  will  acidify  the  chrome,  and  wiU  ren* 
der  it  soluble  in  pure  potassa,  which  does  not  take  up  the 
other  oxides.  From  this  combination  with  poCassa  the  chromic 
oxide  may  be  detached  by  adding  muriatic  acid  and  evapo- 
rating the  liquor  till  it  assumes  a  green  colour*  Then,  on 
adding  a  solution  of  pure  potassa,  the  oxide  of  dirome  wiU 
fail  down,  because  the  quantity  of  oxygen,  required  £»  its 
acidification,  has  been  detached  by  the  muriatic  aeid. 

(/)  The  oxides  of  iron  and  nickel  are  next  to  be  diasolved 
in  muriatic  acid;  and  the  solution  evaporated  to  drynesa. 
Liquid  ammonia  is  then  to  be  added,  whieh  acta  on  the  oxide 
of  nickel  only.  The  solution  may  be  again  evaporated  to  dry- 
ness, which  will  render  the  oxide  of  iron  more  denser  and 
more  easily  separable  from  the  soluble  portion.  A  fresh  addi* 
tionof  ammonia  will  now  readily  dissolve  the  nickel,  leaving 
the  oxkle  of  iron,  which  must  be  collected  on  a  filter,  dried^ 
and  weighed*  If  highly  oxidized,  it  must,  before  weighing, 
be  calcined  with  wax,  in  a  crucible.*  The  osude  of  nickel  re- 
mains dissolved  by  die  excess  of  ammonia,  to  which  it  imparts 
a  blue  colour.  It  may  lie  separated  by  evaporating  the  s^u- 
tion  to  dryness  and  dissolving  the  salt.t 

(g)  Oxide  of  nickel  may  be  separated  from  oxide  of  copper, 
when  contained  in  the  same  solution,  by  immersing  in  the  so- 
lution a  bar  of  zinc,  which  will  precipitate  the  latter  metsi 
only. 

(A)  From  the  ammoniacal  solution  of  nickel  and  cobalt,  Mr. 
•  ■      -  ...  -        -  -      —  ■  ■ ,  .  .,1. 

*  Dr.  Marcet  alleges  that  after  this  operation,  tbs  iron  still  teiaaiaft  la 
the  state  of  peroxi4e«    Gedog.  Transact,  i. 

t  For  an  example  of  the  separation  of  nickel  from  iron,  see  Klaproth's 
Contributions^  yoI.  i.  page  433 ;  where,  also,  and  page  428,  is  an  mstance 
of  the  testing  of  nickel  fur  copper. 
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Pbiliipg  finds  that  the  former  metal  is  iidniediaiCely  precipitated 
by  potaMa  or  soda,  which  Terj  slowly  and  sparingly  throw 
down  cobalt  from  the  same  solvent.  Laugier  has  proposed  a 
mttbod  of  separating  nickel  from  cobalt,  founded  on  the  soIih 
bility  of  the  triple  oxalate  of  ammonia  and  cobalt  in  waters 
The  mixed  oxalates  of  nidkel  and  cobalt^  precipitated  by  an 
alkaline  oxalate,  are  to  be  placed  in  dilated  ammonia,  which 
dissolves  both.  The  solution  being  exposed  to  the  air^  hi 
order  that  the  excess  of  ammonia  may  escape,  the  salt  erf 
nickel  precipitates,  while  that  of  cobalt  remains  in  solotion. 

The  analysis  of  the  stone  is  now  completed,  and  its  acca* 
racy  may  be  judged  by  the  correspondence  of  the  weight  of 
the  component  parts  with  that  of  the  stone  originally  sab* 
mitted  to  experiment. 

It  may  be  proper  to  observe,  that  certain  stones,  which  are 
not  soluble  in  diluted  nitric  and  muriatic  acids,  may  be  de* 
composed  by  an  easier  process  than  that  described  (A). 
Among  these  are  the  compounds  of  baryta,  strontia,  and  lime; 
with  acids,  chiefly  with  the  sulphuric>  flooric,  and  phosphoric. 
The  sulphates  of  baryta,  strontia,  and  lime;  the  fluate  of 
lime;  and  the  phosphate  of  lime;  are  all  found  native  in  the 
earthy  and,  except  the  last,  are  all  insoluble  in  the  above«men« 
tioned  acids.  They  may  be  known  generally  by  thdr  external 
characters.  Tlie  compounds  of  baryta  and  strontia  have  a 
specific  gravity  greater  than  that  of  other  earths,  but  inferior 
to  that  of  metallic  ores.  They  have,  frequently,  a  regular  or 
crystallized  form,  are  more  or  le»  transparent,  have  some 
lustre,  and  their  hardness  is  such  as  does  not  prevent  their 
yielding  to  the  knife.  The  combinaticHis  of  lime,  with  the 
above-mentioned  acids,  are  distinguished  by  similar  charac* 
ters,  except  that  they  are  much  less  heavy.  To  the  mioera« 
logist,  the  outward  form  and  characters  of  these  stones  are 
sufficient  indications  of  their  composition* 

Instead  of  the  fusion  with  alkali,  an  easier  process  may  be 
recommended.  Let  the  mineral  under  examination  be  reduced 
to  powder,  and  be  digested,  in  nearly  a  boiling  heat,  during 
one  or  two  hours,  with  three  or  four  times  its  weight  of  caN 
bonate  of  potassa,  and  a  sufficient  quantity  of  distilled  waten 
The  acid,  untied  wi^l^  the  earth,  will  quit  it  and  pass  to  the 
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potassay  while  the  carbonic  acid  will  leave  the  alkali  and  com- 
bine with  the  earth.  We  shall  obtain,  therefore,  a  compound 
of  the  acid  of  the  stone  with  potassa,  which  will  remain  in  so- 
lution, while  the  carbonated  earths  will  form  an  insoluble  pre- 
cipitate; but,  as  already  stated  (vol.  i.  p.  58t)v  the  decompo* 
sition  is  scarcely  ever  complete.  It  is  neoessary,  therefore^  to 
decant  the  alkaline  liquor ;  to  edulcorate  the  precipitate  with 
water ;  tlien  to  dissolve  the  eartliy  carbonates  by  diluted  mu- 
riatic or  nitric  acids ;  and  to  treat  the  portion  which  resists 
solution  with  a  fresh  quantity  of  sub-carbonate  of  potassa. 
In  this  way  we  may  proceed,  till  boiling  with  mild  alkalis 
produces  no  mere  earthy  carbonate.  The  alkaline  solution 
may  be  assayed  to  discover  the  nature  of  the  acid,  according 
to  the  formula  (I) ;  and  the  earths,  dissolved  by  the  acid  which 
has  been  applied  to  them,  may  be  separated  from  each  other 
by  the  processes  (B),  &c. 

(T)  In  tlie  foregoing  rules  for  analysis  I  have  omitted  the 
mode  of  detecting  and  separating  glucina^  because  this  earth 
is  of  very  rare  occurrence.  When  alumina  and  glucina  are 
present  in  a  mineral,  they  may  be  separated  from  the  preci- 
pitate (£  a)  by  pure  |>otas$a,  which  dissolves  both  these  earths. 
A  sufficient  quantity  of  acid  is  then  to  be  added  to  saturate 
the  alkali ;  and  carbonate  of  ammonia  is  to  be  poured  in,  till  a 
considerable  excess  of  this  carbonate  is  manifested  by  the 
smell.  The  alumina  is  thus  separated,  but  the  glucina,  being 
soluble  in  the  carbonate  of  ammonia,  remains  dissolved,  and 
may  be  precipitated  by  boiling  the  solution. 

(U)  Zirconia  may  be  separated  from  alumina,  by  boiling 
the  mixed  earths  with  pure  soda,  which  acts  only  on  the  lat- 
ter.* From  an  acid  solution  containing  both  earths,  the  alu- 
mina is  thrown  down  by  saturated  carbonate  of  potassa,  which, 
when  added  in' excess,  re-dissolves  the  zirconia.  Glucina  and 
zirconia,  or  glucina  and  yttria,  may  be  separated,  when  mixed 
together  in  solution,  by  ferro-cyanatc  of  potnssa,  which  has  no 
action  on  glucina,  but  precipitates  the  two  other  earths. 

(V)  To  separate  yttria  from  alumina,  precipitate  both  earths 
from  a  solution  containing  them,  by  pure  ammonia;  boil  the 
precipitate  in  a  solution  of  pure  soda,  which  chiefly  takes  up 


Klffproth,  Tol.  ii.  page  219. 
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alumina ;  neutralize  the  solution  with  sulphuric  acid,  and  add 
carbonate  of  soda  to  the  solution,  brought  to  the  boiling 
temperature.  A  precipitate  will  ensue,  consisting  oF alumina, 
with  some  yttria.  To  separate  the  latter  earth,  dissolve  in 
muriatic  acid,  and  add  an  excess  of  carbonate  of  ammonia, 
which  takes  up  only  the  yttria.  To  ensure,  still  farther,  the 
purity  of  the  alumina,  dissolve  the  residue  in  an  excess  of 
sulphuric  acid,  add  a  small  portion  of  sulphate  of  potassa, 
and  crystallize  the  solution.  The  crystals  of  alum,  that  are 
produced,  contuin  one-tenth  of  alumina. 

( W)  The  presence  of  potassa  (which  has  lately  been  disco* 
vered  in  some  stones)  may  be  detected  by  boiling  the  pow- 
dered mineral,  repeatedly  to  dryness,  with  strong  sulphuric 
acid.  Wash  the  dry  mass  with  water,  add  a  little  excess  of 
acid,  and  evaporate  the  solution  to  a  smaller  bulk.  If  crystals 
of  alum  should  appear,  it  is  an  indication  of  potassa,  because 
alum  can  never  be  obtained  in  a  crystallized  form,  without  the 
addition  of  an  alkali. 

But  since  a  mineral  may  contain  potassa,  and  little  or  no 
alumina,  in  which  case  no  crystals  of  alum  will  appear,  it  may 
be  necessary,  in  the  latter  case,  to  add  a  little  alumina  along 
with  the  sulphuric  acid.  Or  the  stone  may  be  so  hard  as  to 
resist  the  action  of  sulphuric  acid;  and  it  will  then  be  neces* 
sary  to  fuse  it  [in  the  manner  directed  (I)]  with  soda,  which 
has  also  a  solvent  power  over  alumina  and  silica.  The  fused 
mass  is  to  be  dissolved  in  water,  and  supersaturated  with  sul- 
phuric acid.  Evaporate  to  dryness,  re-dissolve  in  water ;  and 
filter,  to  separate  the  silica.  Evaporate  the  solution,  which 
will  first  afford  crystals  of  sulphate  of  soda,  and  afterwards 
of  sulphate  of  potassa,  should  the  latter  alkali  be  contained  in 
the  mineral. 

Klaproth  first  discoveretl  potassa  in  leucite,  on  summing  tip 
the  results  of  its  analysis,  which  gave  a  considerable  loss  of 
weight  By  boiling  the  stone  with  diluted  muriatic  acid,  and 
evaporation,  he  obtained  crystals  of  muriate  of  potassa.  An- 
other proof  of  the  presence  of  potassa  was,  that,  when  sul« 
phuric  acid  was  boiled  with  it,  the  solution  gave  crystals 
of  alum,  to  which  potassa  is  essential.  He  also  boiled  the 
stone  with  muriatic  acid,  ami,  after  dissol?ing  the  mariate  of 
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alumina  by  alcoboli  muriate  of  potossa  remained.  The  vol- 
canic leucite  contained  less  potassa  than  other  kinds.  The 
same  alkali  he  also  detected^  afterwards,  in  lepidolitc. 

The  potassa,  contained  in  sulphate  of  alumina,  may  be  sepa- 
rated from  that  earth,  by  addiug  a  solution  of  pure  barj^ta  as 
long  as  any  precipitation  is  produced.  The  alumina  and  sul* 
phate  of  baryta  will  fall  down  together,  and  the  potassa  will 
remain  in  solution.  •  Its  presence  may  be  known  by  the  tests, 
enumerated  at  page  512. 

In  certain  minerals  that  gelatinate,  when  pulverized  and  ex- 
posed to  the  action  of  muriatic  acid,  Dr.  Wollaston  has 
pointed  out  an  easy  method  of  detecting  alkalis.  Expose  the 
gelatinous  mass  in  a  watch  glass  to  a  temperature  not  exceed- 
ing that  of  boiling  water,  until  perfectly  dry.  In  this  state,  if 
potassa  or  soda  be  present,  small  cubic  crystals  are  generally 
discoverable  with  the  assistance  of  a  lens.  In  this  way.  Dr. 
Clarke  was  enabled  to  discover  potassa  in  Gehlenite.  (Ann. 
of  Phil.  xiv.  450.) 

.  X.  Soda  may  be  detected  in  a  mineral  by  the  following  ex- 
periments : — Let  the  powdered  stone  be  treated  with  sulphuric 
acid,  as  in  (U) ;  wash  off  the  solution,  and  add  pure  ammonia, 
till  the  precipitation  ceases ;  then  filter,  evaporate  the  solution 
to  dryness,  and  raise  the  heat  so  as  to  expel  the  sulphate  of 
ammonia.  The  sulphate  of  soda  will  remain,  and  may  be 
known  by  its  appropriate  characters. 

Soda  was  first  founds  by  Klaproth,  in  chrysolite,  in  the  large 
proportion  of  S6  per  cent.  This  analysis  was  confirmed  by 
Vauquelin,  whose  mode  of  separating  soda  is  the  one  which  I 
now  recommend.  Both  the  fixed  alkalis  have  since  been 
frequently  discovered  in  native  minerals;  viz.  soda  in  basalt 
(Klaproth,  ii.  195);  in  pitch-stone  (207);  and  in  kling-stone, 
amounting  to  8  per  cent.  (182).  The  same  skilful  analyst  has 
found  potassa  in  Hungarian  pearl-stone  (263) ;  and,  accom- 
panied by  soda,  in  pumice  (20). 

A  method  has  been  proposed  by  Sir  H.  Davy,*  for  ana- 
lyzing stones,  containing  either  of  the  fixed  alkalis,  by  means 
of  the  boracic  acid.  The  process  is  sufficiently  simple.  One  hun- 

*  Philosophical  Traiuactions,  1805;  or  Nicholson's  Journal,  xiii.  86. 
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dred  grains  of  the  stone  to  be  examined  must  be  fused,  during 
half  an  hour,  at  a  strong  red  heat,  wilb  200  grains  ofboracic 
acid.  An  ounce  and  a  half  of  n'aric  acid,  diluted  with  seven 
or  eight  parts  of  water,  must  be  digested  qji  the  mass,  till  the 
whole  has  been  decomposed.  The  fluid  must  be  evaporated, 
till  its  quantity  is  reduced  to  an  ounce  and  half,  or  two  ounces. 

If  the  stone  contain  silica,  this  earth  will  be  separated  by 
the  processes  of  solution  and  evaporation.  It  must  be  collected 
on  a  filter,  and  washed  w*eli  with  water,  till  the  boracic  acid, 
and  all  the  saline  matter,  are  separated.  The  fluid,  and  all 
ihgt  has  passed  through  the  filter,  must  be  evaporated  to  about 
half  a  pint;  then  saturated  with  carbonate  of  ammonia  ;  and 
boiled  with  an  excess  of  that  salt,  till  all  the  materials  that  it 
contains,  capable  of  being  precipitated,  have  fallen  to  the 
bottom  of  the  vessel.  The  solution  must  then  be  passed 
through  a  filter,  which  retains  the  earths  and  metallic  oxides. 
It  must  then  be  mixed  with  nitric  acid,  till  it  tastes  strongly 
sour,  and  evaporated  till  the  boracic  acid  appears  free.  The 
fluid  must  next  be  evaporated  to  dryness ;  when  by  exposure 
to  a  heat  of  450^  Fahrenheit,  the  nitrate  of  ammonia  will  be 
decomposed,  and  the  nitrate  of  potassa  or  soda  will  remain  in 
the  vessel. 

The  remaining  earths  and  metallic  oxides  are  separated  from 
each  other  by  common  processes;  viz.  alumina  by  solution  of 
potassa ;  lime  by  sulphuric  acid  ;  oxide  of  iron  by  succinate  cf 
ammonia ;  oxide  of  manganese  by  hydro-sulphuret  of  potassa ; 
and  magnesia  by  pure  soda. 

Berard  has  found  that  nitrate  of  lead  may  be  advantageously 
employed  in  the  analysis  of  stones  that  contain  silicated  alkali. 
One  part  of  the  stone  very  finely  powdered  is  to  be  intimately 
mixed  with  two  parts  of  finely  powdered  nitrate,  and  one  of  car- 
bonate, of  lead.  The  whole  is  to  be  put  into  a  platina  crucible, 
which  is  to  be  placed  in  another  crucible  and  covered  with  a  li(^« 
A  red  heat  is  to  be  applied  for  a  quarter  of  an  hour.  The  fusion 
takes  place  without  effervescence,  and  a  yellowish  or  brownish 
mass  is  found  in  fusion  on  removing  the  cover.  This  is  to  be 
poured  into  water,  the  coldness  of  which  causes  it  to  split  into 
small  fragments  that  are  easily  attacked  by  acids,  of  which 
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nitric  acid  is  the  one  best  adapted  to  the  purpose.  With  this 
acid,  it  is  to  be  boiled,  and  occasionally  stirred  and  broken 
down.  The  silex  remains  in  a  viscid  state.  The  oxide  of 
lead  is  precipitated  by  sulphuric  acid,  added  till  water  satu* 
rated  with  sulphureted  hydrogen  causes  no  change.  The 
liquid  is  boiled  with  carbonate  of  ammonia,  and  the  precipitate 
thus  formed  analyzed  by  common  methods.  Lastly,  the  liquid 
is  evaporated  to  dryness;  the  salts  calcined  in  a  platinum 
crucible ;  and  the  residuum  collected  and  weighed.  This  re- 
sidue contains  the  alkali  originally  present  in  the  mineral  in 
the  state  of  a  sulphate,  and  almost  always  sulphate  of  mag« 
nesia.  It  may  be  analyzed  by  processes  that  have  been  already 
described,  or  by  others  contrived  by  Berthier,  and  detailed  in 
his  paper.  (Ann.  de  Chim.  et  de  Phys.  xvii.  28 ;  or  Quarterly 
Journal,  xii.  169.) 

Table  of  Substances  which  may  be  expected  in  Earths  and 
StoneSj  and  References  to  the  Means  of  separating  them  from 
each  other. 

Acidy  fluoric,  R.  d. 

phosphoric,  R.  c. 
sulphuric,  R.  b. 
Alumina  from  lime  and  magnesia,  E. 
its  quantity,  £.  c. 
from  magnesia,  O. 
silica,  H.  a* 
metallic  oxides,  H.  a. 
glucina,  T. 
Baryta  and  strontia  from  other  earths,  B« 
from  strontia,  C. 
,  Chromium  from  manganese,  &e.  S.  c. 
iron  and  nickel,  S.  e. 
Earths  from  oxides,  D. 
Glucina  from  alumina,  T. 
Iron  from  manganese,  S.  e. 

nickel,  S./. 
JLfWfrom  magnesia,  F. 
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Lime  from  alumina,  E.  b. 

its  quantity,  F. 
Magnesia  from  lime,  F* 

alumina,  G. 
manganese,  S.  d. 
its  quantity,  F. 
Manganese^  indications  of,  M» 

from  iron,  chrome,  and  nickel,  S.  c. 
magnesia,  S.  d 
Nickel  from  manganese,  S.  e. 

iron,  S./.  from  copper,  S.  g.  from  cobal^  S.  L 
OxideSf  metallic,  from  earths,  D. 
Potassa  from  earths  and  oxides,  W. 
Silica  from  alumina,  H.  a, 

earths  in  general,  0«  c. 
oxides,  H.  b. 
Soda  from  earths  and  oxides,  X. 
Slrojitia,  sec  Baryta. 
YUria  from  alumina,  &c.  V. 
Zirconia  from  alumina,  &c.  U. 

Art,  4. — Analysis  of  Injlammalle  Fossils. 

The  exact  analysis  of  inflammable  fossils  is  seldom  neces* 
sary  in  directing  the  most  beneficial  application  of  them.  It 
may  be  proper,  however,  to  offer  a  few  general  rales  forjudg- 
ing of  their  purity. 

I. — Sulphur. 

Sulphur  should  be  entirely  volatilized  by  distillation  ia 
a  glass  retort.  If  any  thing  remain  fixed,  it  must  be  con- 
sidered as  an  impurity,  and  may  be  examined  by  the  preced- 
ing rules. 

Sulphur,  also,  should  be  totally  dissolved  by  boiling  with 
solution  of  pure  potassa,  (md  may  be  separated  from  its  im- 
purities by  this  alkali. 

Impure  sulphur,  consumed  by  burning  in  a  small  qruciblcj 
leaves  a  residue  of  oxide  of  iron  and  silicdf^ 
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II. — Coals. 

1 .  The  proportion  ofbituminous  matter  in  coal  may  be  learnt 
by  distillation,  in  an  earthen  retort,  and  collecting  their  products. 

2.  The  proportion  of  earthy  or  metallic  ingredients  may 
be  found,  by  burning  the  coat  with  access  of  air,  on  a  red-hot 
iron.  What  remains  unconsumed  must  be  considered  as  an 
impurity,  and  may  be  analyzed  by  the  foregoing  rules. 

3.  The  proportion  of  carbon  may  be  ascertained  by  ob- 
serving the  quantity  of  nitrate  of  potassa,  which  a  given  weight 
of  the  coal  is  capable  of  decomposing.  For  this  purpose,  let 
500  grains,  or  more,  of  perfectly  pure  nitre  be  melted  in  a 
crucible,  and,  when  red-hot,  let  the  coal  to  be  examined,  re- 
duced to  a  coarse  powder,  be  projected  on  the  nitre,  by  small 
portions  at  once,  not  exceeding  one  or  two  grains.  Imme- 
diately, when  the  flame,  occasioned  by  one  projection,  has 
ceased,  let  another  be  made,  and  so  on  till  the  e£Pect  ceases. 
The  proportion  of  carbon  in  the  coal  is  directly  proportionate 
to  the  quantity  required  to  alkalize  the  nitre.  Thus,  since 
12.709  of  carbon  are  required  to  alkalize  100  of  nitre,  it  will 
be  easy  to  deduce  the  quantity  of  carbon,  in  a  given  weight  of 
coal,  from  the  quantity  of  nitre  which  it  is  capable  of  decom- 
posing. This  method,  however,  is  liable  to  several  objectionss 
which  its  inventor,  Mr.  Kirwan,  seems  fully  aware  of.* 

4.  The  most  accurate  mode  of  analyzing  the  different  va- 
rieties of  coal  is  by  peroxide  of  copper,  in  the  manner  de* 
scribed  page  166;  examples  of  this  kind  of  analysis  m(^y  be 
consulted  in  Dr.  Thomson's  Memoir  in  the  16th  volume  of 
Annals  of  Philosophy.' 

Plumbago,  or  black- lead,  is  another  inflammable  substance, 
which  it  may  sometimes  be  highly  useful  to  be  able  to  identify, 
arid  to  judge  of  its  purity. — When  projected  on  red-hot  nitre, 
it  should  detonate ;  and,  on  dissolving  the  decomposed  nitre, 
an  oxide  of  iron  should  remain,  amounting  to  one-tenth  the 
weight  of  the  plumbago.  Any  mineral,  therefore,  that 
answers  to  these  characters,  and  leaves  a  shining  trace  on 
paper,  like  that  of  the  black-lead  pencils,  is  plumbago. 

*  See  Ills  Elements  of  l^ioeralogy,  vol.  ii.  p.  514.  ' 

Digitized  by  VjOOQ IC 


SECT.  llf.  EXAMINATION   OP   MINKRALS.  551 

Art.  5. — Analysis  of  Metallic  Ores, 

The  class  of  metals  comprehends  so  great  a  number  of 
individuals,  that  it  is  almost  impossible  to  offer  a  cooipreben- 
sive  formula.for  the  analysis  of  ores.  Ores  of  the  same  metal, 
also,  as  the  mineralizing  ingredients  vary,  require  very  dif- 
ferent treatment.  Yet  some  general  directions  are  absolutely 
necessary,  to  enable  the  chemist  to  judge  of  the  composition 
of  bodies  of  this  class. 

The  ores  of  metals  may  be  analyzed  in  two  modes, — in  the 
humid  and  the  dry  way.  The  first  is  effected  wiih  the  aid  of 
acids  and  of  other  liquid  agents,  and  may  often  be  accomplished 
by  persons  who  are  prevented  by  the  want  of  furnaces,  and 
other  necessary  apparatus,  from  attempting  the  second.  If 
sulphur,  however,  be  present  in  an  ore,  which  may  be  gene- 
rally known  by  its  external  characters,  as  described  by  mine- 
ralogical  writers,  it  impedes  the  action  of  acids :  it  should, 
therefore,  bo  separated,  cither  by  roasting  the  ore  on  a  mufile, 
or  by  projecting  it,  mixed  with  twice  or  thrice  its  weight  of 
nitre,  into  a  red-hot  crucible,  washing  off  the  alkali  after- 
wards by  hot  water. 

It  is  hardly  possible  to  employ  a  solvent,  capable  of  taking 
up  all  the  metals.  Thus,  the  nitric  acid  does  not  act  on  gold 
or  platinum;  and  the  nitro-muriatic,  which  dissolves  these 
metals,  has  no  solvent  action  on  silver.  It  will  be  necessary, 
therefore,  to  vary  the  solvent  according  to  the  nature  of  the 
ore  under  examination. 

1.  For  ores  of  gold  arid  platinum,  the  nitro-muriatic  acid  is 
the  most  proper  solvent.  A  given  weight  of  the  ore  may  be 
digested  with  this  acid,  as  long  as  it  extracts  any  thing.  The 
solution  may  be  evaporated  to  dryness,  in  order  to  expel  the 
excess  of  acid,  and  dissolved  in  water.  The  addition  of  a 
solution  of  muriate  of  tin  will  show  the  presence  of  gold  by 
a  purple  precipitate;  and  platinum  will  be  indicated  by  a  pre- 
cipitate, on  adding  a  solution  of  muriate  of  ammonia.  When 
gold  and  platinum  are  both  contained  in  the  same  solution, 
they  may  be  separated  from  each  other  by  the  last-mentioned 
solution,  which  throws  down  the  platinum,  but  not  the  gold. 
In  this  way  platinum  may  be  detached,  also^  from  other  ipetak» 
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When  gold  is  contained  in  a  solution,  along  with  several 
other  metals,  it  may  be  separated  from  most  of  them  by  adding 
a  dilute  solution  of  sulphate  of  iron.  The  only  metals,  which 
this  salt  precipitates,  are  gold,  palladium,  silver,  and  mer- 
cury.* 

2.  For  extracting  silver  from  its  ores,  the  nitric  acid  is  the 
most  proper  solvent.  Nitric  acid,  however,  does  not  act  on 
horn-silver  ore,  containing  chloride  of  silver,  which  must  be 
decomposed  by  carbonate  of  soda.  Carbonate  of  silver  is  thus 
formed,  which  readily  dissolves  in  nitric  acid.  The  silver  may 
be  precipitated  from  nitric  acid  by  solution  of  common  salt. 
Every  100  parts  of  the  precipitate,  washed,  dried,  and  ignited, 
contain  75.5  of  silver.  But,  as  lead  may  be  present  in  the 
solution,  and  this  metal  is  also  precipitated  by  common  salt, 
it  may  be  proper  to  immerse  in  the  solution  (which  should 
not  have  any  excess  of  acid)  a  polished  plate  of  copper.  This 
will  precipitate  the  silver,  if  present,  in  a  metallic  form.  The 
chloride  of  silver  is  also  soluble  in  liquid  ammonia,  which  that 
of  lead  is  not.  For  examples  of  the  analysis  of  silver  ores,  tlio 
reader  may  consult  Klaproth,  vol.  i.  page  55^,  &c. 

3.  Copper  ores  may  be  analyzed  by  boiling  them  with  five 
times  their  weight  of  concentrated  sulphuric  acid,  mixed  with 
one  part  of  nitric  acid,  till  a  dry  mass  is  obtained,  from  which 
water  will  extract  the  sulphate  of  copper.  This  salt  is  to  be 
decomposed  by  a  polished  plate  of  iron,  immersed  in  a  dilute 
solution  of  it.  The  copper  will  be  precipitated  in  a  metallic 
state,  and  may  be  scraped  off  and  weighed. 

If  silver  be  suspected  along  with  copper,  nitric  acid  only 
must  be  employed  as  the  solvent ;  and  a  plate  of  polished 
copper  will  detect  the  silver. 

The  reader,  who  engages  in  the  analysis  of  copper  ores, 
will  derive  much  advantage  from  the  examples  to  be  found  in 
Klaproth's  Essays,  vol.  i.  pages  54,  541,  &c« ;  and  also  from 
Mr.  Chenevix's  paper  on  the  analysis  of  arseniates  of  copper 
and  iron,  Philosophical  Transactions,  1801,  or  Nicholson's 

*  Consult  Dr.  Bright*s  account  of  the  processes  followed  nt  the  goM  and 
silver  mines  in  Hangary,  in  his  Tri^veU  through  Hungary,  Sec. ;  or  in  tho 
PhUo90|ifaic«l  Magazine,  iii.  Q. 
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Journal,  8vo«  vol.  i.;  from  Vauquelin's  remarks  in  Thomson's 
Annals,  iv.  157;  and  from  Mr.  R.  Phillips's  Essays  in  the 
Quarterly  Journal,  iv.  274,  and  vii.  100,  and  in  the  Annals  of 
Philosophy,  N.  S.  iii.  81,  296. 

4.  Iron  ores  may  be  dissolved  in  diluted  muriatic  acid,  or, 
if  the  metal  be  too  highly  oxidized  to  be  dissolved  by  this  acid, 
they  must  be  previously  mixed  with  one-eighth  of  their  weight 
of  powdered  charcoal,  and  calcined  in  a  crucible  for  one  hour. 
The  iron  is  thus  rendered  soluble. 

The  solution  must  then  be  diluted  with  10  or  12  times  its 
quantity  of  water,  previously  well  boiled,  to  expel  the  air,  and 
must  be  preserved  in  a  well-stopped  glass  bottle  for  six  or 
eight  days.  The  phosphate  of  iron  will,  within  that  time,  be 
precipitated,  if  any  be  present,  and  the  liquor  must  be  de- 
canted off. 

The  solution  may  contain  the  oxides  of  iron,  manganese, 
and  zinc.  It  may  be  precipitated  by  carbonate  of  soda,  which 
will  separate  th^m  all.  The  oxide  of  zinc  will  be  taken  up 
by  a  solution  of  pure  ammonia ;  distilled  vinegar  will  take  up 
the  manganese,  and  will  leave  the  oxide  of  iron  :  or  the  two 
last  oxides  may  be  separated  as  directed  page  540.  From 
the  weight  of  the  oxide  of  iron,  after  ignitbn,  during  a  quar^ 
ter  of  an  hour,  28  per  cent,  may  be  deducted.  The  reniain<- 
der  shows  the  quantity  of  metallic  iron. 

5.  Tin  ores.  To  that  accomplished  analyst,  Klaprotb,  we 
owe  the  discovery  of  a  simple  and  effectual  mode  of  analyzing 
tin  ores  in  the  humid  way. 

Boil  100  grains,  in  a  silver  vessel,  with  a  solution  of  600 
grains  of  pure  potassa.  Evaporate  to  dryness,  and  then  ignite^ 
moderately,  for  half  an  hour.  Add  boiling  water,  and,  if  any 
portion  remain  undissolved,  let  it  undergo  a  similar  treatment. 

Saturate  the  alkaline  solution  with  muriatic  acid,  which  will 
throw  down  an  oxide  of  tin.  Let  this  be  re-dissolved  by  an 
excess  of  muriatic  acid ;  again  precipitated  by  carbonate  of 
soda ;  and,  being  dried  and  weighed,  let  it,  after  lixiviation, 
be  once  more  dissolved  in  muriatic  acid.  The  insoluble  part 
consists  of  silica.  Into  the  colourless  solution,  diluted  with 
two  or  three  parts  of  water,  put  a  stick  of  zinc,  round  which 
|lie  reduced  tin  will  ooUect.    Scrape  off  the  deposit,  wash* 

Digitized  by  VjOOQ IC 


554  OP   CBBMICA^  ANALYSIS.  CHAP.  XIV. 

dry,  and  fuse  it  under  a  cover  of  tallow  in  a  capsule  placed  on 
charcoal.  A  button  of  pure  metallic  tin  will  remain  at  the 
bottom,  the  weight  of  which,  deducted  from  that  of  the  ore, 
indicates  the  proportion  of  oxygen. 

The  presence  of  tin  in  an  ore  is  indicated  by  a  purple  pre- 
cipitate, on  mixing  its  solution  in  muriatic  acid  with  one  of 
gold  in  nitro-muriatic  acid. 

6.  Lead  ores  may  be  analyzed  by  solution  in  nitric  acid, 
diluted  with  an  equal  weight  of  water.  The  sulphur,  if  any, 
will  remain  undissolved.  Let  the  solution  be  precipitated  by 
carbonate  of  soda.  If  any  silver  be  present,  it  will  be  taken 
up  by  pure  liquid  ammonia.  Wash  off'  the  excess  of  am- 
monia by  distilled  water ;  and  add  concentrated  sulphuric 
acid,  applying  heat,  so  that  the  muriatic  acid  may  be  wholly 
expelled.  Weigh  the  calcined  sulphate  of  lead,  and  for  every 
100  parts,  68  may  be  considered  as  lead. 

Chloride  of  lead  may  be  separated  from  chloride  of  silver 
by  its  greater  solubility  in  warm  water.  From  the  solution, 
iron  may  be  separated  by  prussiate  of  potassa,  and  the  solution 
decomposed  by  sulphuric  acid.  (See  Vauquelin's  Analysis  of 
<3a1ena,  Journ.  des  Minos,  No.  68 ;  Klaproth's  Analyses  of  Sul« 
phate  and  Phosphate  of  Lead ;  Chenevix's  Analysis  of  Native 
Muriate  of  Lead,  Nicholson's  Journal,  4to.  vol.  iv. ;  Hatchett 
on  Boumonite  (an  ore  of  lead,  antimony,  and  copper),  Phil. 
Trans.  1804 ;  and  Smithson  on  ditto,  Phil.  Trans,  1808,  and 
Annals  of  Phil.  xiv.  96.) 

7.  Meraanj  may  be  detected  in  ores  that  are  supposed  to 
contain  it,  by  distillation  in  an  earthen  retort  widi  half  their 
weight  of  iron  filings  or  dry  lime.  The  mercury,  if  any  be 
present,  will  rise  and  be  condensed  in  the  receiver.  See  Kla- 
proth's Analytical  Essays. 

8.  Ores  of  zinc  may  be  digested  with  the  nitric  acid,  and 
the  part  that  is  dissolved  boiled  to  dryness,  again  dissolved 
in  the  acid,  and  again  evaporated.  By  this  means  the  iron, 
if  any  be  present,  will  be  rendered  insoluble  in  dilute  nitric 
acid,  which  will  take  up  the  oxide  of  zinc.  To  this  solution 
add  pure  liquid  ammonia,  in  excess,  which  will  separate  the 
lead  and  iron,  if  any  should  have  been  dissolved,  and  the  ex- 
cess of  alkali  will  retain  the  oxide  of  zinc.    This  may  be  pre* 
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cipitated  by  the  addition  of  an  acid,  or  by  the  evaporation  of 
the  solvent.  Silica,  also,  is  an  abundant  ingredient  of  some 
zinc  ores.  For  examples  of  analyses  of  ores  of  zinc,  see 
Smithson's  Analyses  of  Calamine,  Phil.  Trans.  1803;  Dr. 
Thomson's  Analysis  of  Blende,  Ann.  of  Phil.  iv.  94;  Berthier 
in  Silliman's  American  Journal,  ii.  319;  and  Cooper  in  Quar- 
terly Journal,  ix.  191. 

9.  jiniimonial  ores*  Dissolve  a  given  weight,  in  three  or 
four  parts  of  muriatic  and  one  of  nitric  acid.  This  will  take 
up  the  antimony,  and  leave  the  sulphur,  if  any.  On  dilution 
with  water,  .the  oxide  of  antimony  is  precipitated,  and  the 
iron  and  mercury  remain  dissolved;  Lead  may  be  detected 
by  sulphuric  acid.  (See  Klaproth  on  the  Analysis  of  Anti* 
moniated  Silver  Ore,  vol.  i.  p.  560,  and  Hatchett  on  Bourno* 
nite,  Phil.  Trans.  1801. ) 

10.  Ores  of  arsenic' mny  be  digested  with  nitro-mm*iaticacid, 
composed  of  one  part' nitric,  and  one  and  a  half  or  two  of 
muriatic  acid.  Evaporate  the  solution  to  one-fourth,  and 
add  water,  which  will  precipitate  the  arsenic.  The  iron  may 
afterwards  be  separated  by  ammonia.  (See  Chenevix,  Phi* 
losophical  Transactions,  1801,  page215.) 

1 1 .  Ores  of  bismuth  are  also  assayed  by  digestion  in  nitric 
acid  moderately  diluted.  The  addition  of  water  precipitates 
the  oxide,  but,  if  not  wholly  separated  at  first,  evaporate  the 
solution ;  after  which,  a  further  addition  of,  water  will  preci- 
pitate the  remainder.  (See  Analysis  of  an  Ore  of  Bismuth 
and  Silver,  in  Klaproth,  vol.  i.  page  554? ;  Mode  of  detecting 
a  small  Quantity  of  Silver  in  Bismuth,  Do.  page  220.  c.) 

12.  Ores  of  cobalt  may  be  dissolved  in  nitro-muriatic  acid. 
Then  add  carbonate  of  potassa,  which  at  first  separates  iron 
and  arsenic.  Filter,  and  add  a  farther  quantity  of  the  carbo- 
nate, when  a  greyish  red  precipitate  will  fall  down^  which  is 
oxide  of  cobalt.  The  iron  and  arsenic  may  be  separated  by 
heat,  which  volatilizes  the  arsenic.  Cobalt  is  also  ascertained, 
if  the  solution  of  an  ore  in  muriatic  acid  gave  a  sympathetic 
ink.  (See-chap.  ix.  sect.  27. — An  example  of  the  analysis  of 
an  ore  of  cobalt  may  be  seen  in  Klaproth.  vol.  i.  page  554*; 
and  of  sulphate  of  cobalt,  Do.  page  579.) 

13.  Ores  of  nickel.     Dissolve  them  in  nitric  acid,  and  add 
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to  the  solution  pure  ammonia,  in  such  proportion  that  tba 
alkali  may  be  considerably  in  excess.  This'will  precipitate  most 
other  metals,  and  will  retain  the  oxide  of  nickel  in  solution, 
which  may  be  obtained  by  evaporation  to  dryness,  and  heating 
the  dry  mass  till  the  nitrate  of  ammonia  has  sublimed.  (See 
Berzelius  on  the  Methods  of  analyzing  Ores  of  Nickel,  Ann. 
of  Phil.  N.S.  iii.206.) 

I*.  Ores  of  manganese.  The  earths,  and  several  of  the 
metals,  contained  in  these  ores,  may  first  be  separated  by 
diluted  nitric  acid,  which  does  not  act  on  highly  oxidized 
manganese.  The  ore  may  afterward  be  digested  with  strong 
muriatic  acid,  which  will*  take  up  the  oxide  of  manganese. 
Chlorine  gas  will  arise,  if  a  gentle  heat  be  applied,  and  may 
be  known  by  its  peculiar  smell,  and  by  its  discharging  the 
colour  of  wet  litmus  paper  exposed  to  the  fumes.  From  mu* 
viatic  acid  the  manganese  is  precipitated  by  carbonate  of  soda, 
in  the  form  of  a  white  carbonate,  which  becomes  black  peroxide 
when  heated  in  a  crucible.  Ores,  suspected  to  contain  manga* 
nese,  may  also  be  distilled  ^^*  se,  or  with  sulphuric  acid,  when 
oxygen  gas  will  be  obtained.  Oxide  of  manganese  may  be  se- 
parated from  oxide  of  iron  by  solution  of  pure  potassa,  which 
takes  up  the  former  but  not  the  latter.  (See  the  analysis  of 
an  ore  of  manganese,  via  kumida^  in  Klaproth,  vol.  i.  p.  510; 
and  of  a  cobaltic  ore  of  manganese,  page  569.) 

Ores  of  manganese  may  also  be  distinguished  by  the  colour 
they  impart  to  borax,  when  exposed  together  to  the  blow- 
pipe.* 

15.  Ores  of  uranium.  These  may  be  dissolved  in  dilute 
nitric  acid,  which  takes  up  the  uranitic  oxide,  and  leaves  that 
of  iron ;  or  in  dilute  sulphuric  acid,  which  makes  the  same 
election ;  or,  if  any  iron  has  got  into  the  solution,  it  may  be 
precipitated  by  zinc.  Then  add  caustic  potassa,  which  throws 
down  the  oxide  of  zinc  and  uranium.  The  former  maybe 
separated  by  digestion  in  pure  ammonia,  which  leaves,  un- 
dissolved, the  oxide  of  uranium.  This,  when  dissolved  by 
dilute  sulphuric  acid,  affords,  on  evaporation,  crystals  of  a 
lemon  yelbw  colour. 

^  See  chap.  ix.  sect.  14;  and  «1bo  Tliomson's  Annals,  iii.  319, 
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If  copper  be  present,  it  will  be  dissolved,  along  with  the 
zinc,  by  the  ammonia.  If  lead,  it  will  form,  with  sulphuric 
acid,  a  salt  much  less  soluble  than  the  sulphate  of  uranium, 
and  which,  on  evaporation,  will  therefore  separate  first.  (Sec 
Gregor  in  Annals  of  Phiios.  v.  281 ;  Herschell,  same  work, 
N.  S.  iii.  99  ;  and  Philh'ps,  Do.  v.  57.) 

16.  Ores  of  tungsten.  For  these  the  most  proper  treatment 
seems  to  be  digestion  in  nitro-muriatic  acid,  which  takes  up 
the  earths  and  other  metals.  The  tungsten  remains  in  the  form 
of  a  yellow  oxide,  distinguishable,  by  its  becoming  white  on 
the  addition  of  liquid  ammonia,  from  the  oxide  of  uranium. 
To  reduce  this  oxide  to  tungsten,  mix  it  with  an  equal  weight 
of  dried  blood,  heat  the  mixture  to  redness,  press  it  into 
another  crucible,  which  should  be  nearly  full,  and  apply  a 
violent  heat  for  an  hour  at  least.  (See  Klaproth's  Analytical 
Essays ;  D'Elhuyar  Mem.  de  TAcad.  de  Toulouse,  ii. ;  and 
Vauquelin,  Joum.  des  Mines,  No.  XIX.) 

17.  Ores  of  molybdenum.  Repeated  distillation  to  dryness, 
with  nitric  acid,  converts  the  oxide  into  an  acid,  which  is  in* 
soluble  in  nitric  acid,  and  may  thus  be  separated  from  other 
metals,  except  iron,  from  which  it  may  be  dissolved  by  sul- 
phuric or  muriatic  acids.  The  solution  in  sulphuric  acid  is 
blue,  when  cold,  but  colourless,  when  heated,  lliat  in  mu- 
riatic acid  is  only  blue^  when  the  acid  is  heated  and  con« 
centrated.  * 

Respecting  the  ores  of  the  remaining  metals,  sufficient  in- 
formation has  been  already  given  for  tjie  purposes  of  the  ge- 
neral student,  and  they  are  of  such  rare  occurrence,  that  it  is 
unnecessary  to  describe  them  more  in  detail.  It  may  be  pro- 
per, however,  to  state  where  the  best  examples  of  the  analysis 
of  each  may  be  found. 

18.  Ores  of  titanium.    Consult  Grq^or,  in  Joum.  de  Phy 
sique,  xxxix.  72,  152 ;  Klaproth,  i.  496 ;  and  Cheuevix,  Ni- 
cholson's Journal,  v.  132. 

19.  Ores  of  tellurium.     See  Klaproth,  ii.  1. 

20.  Ores  of  chromium.    Vauquelin,  Ann.  de  Chim.  xxv. 

*  See  Uatchett*8  Analysis  of  the  Carinthlan  Molybdate  of  Lead,  Philo 
sophical  Transactions^  1790 ;  and  Klaproth,  vol.  i.  pages  6S4,  538. 
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21.  Ores  cf  coltnnbiuni.  Hatchett,  Phil.  Trans.  1802;  Ann. 
de  Cliimic,  xliii.  276. 

22.  Ores  of  palladuim  and  rhodium.  Wollaston,  Phil. 
Trans.  1805  ;  Baruel,  Quar.  Journ.  xii. 

23.  Ores  of  iridium  and  osmium.  Tennant,  Phil.  Trans. 
1804;  Barucl,  Quar.  Journ.  xii.  247. 

24.  Ores  of  cerium.  liisenger  and  Berzelius,  and  Vauquelin, 
Nicholson's  Journ.  8vo.  xii. 

Art.  6. — Analyns  of  Ores  in  the  dry  way. 

To  analyze  ores  in  the  dry  way,  a  metliod  which  oflbrdsthe 
most  satisfactory  evidence  of  their  composition,  and  should 
always  precede  the  working  of  large  and  extensive  mines,  a 
more  complicated  apparatus  is  required. — An  assaying  fur 
nace,  with  muffles,  crucibles,  &c.,  is  absolutely  necessary. 
These  have  already  been  enumerated  in  the  chapter  on  Appa- 
ratus, and  will  be  found  described  in  the  Explanation  of  the 
Plates.  Much  useful  information  reitpecting  the  composition 
of  minerals  may,  also,  be  gained  from  ex})eriments  with  the 
blow-pipe.  Ample  directions  for  assays  of  this  kind  are  given 
in  a  Memoir  by  Haussman,  in  the  43d  volume  of  the  Philo- 
sophical Magazine;  by  Gahn  in  the  Uth  vol.  of  Dr.  Thom- 
son's Annals,  p.  40 ;  and  by  Bcrzelius,  in  a  work  expressly 
devoted  to  the  purpose,  which  has  been  lately  translated,  and 
published  with  valuable  additions,  by  Mr.  Children  (1  vol. 
8vo.  London,  1 822).  To  this  work  I  refer  the  reader  for  a 
variety  of  details  which  require  attention  in  metallurgic  expe- 
riments with  the  blow-pipe.  In  the  Appendix^  a  table  will  be 
found,  exhibiting  the  ap)>earances  of  the  different  earths  and 
metallic  oxides  under  that  instrument. 

The  reduction  of  an  ore  requires,  frequently,  previous 
roasting,  to  expel  the  sulphur  and  other  volatile  ingredients : 
or  this  may  be  effected,  by  mixing  the  powdered  ore  with 
nitre,,  and  projecting  the  mixture  into  a  crucible.  The  sul- 
phate of  potassia,  thus  formed,  may  be  washed  off,  and  the 
oxide  must  be  reserved  for  subsequent  experiments. 

As  many  of  the  metals  retain  their  oxygen  so  forcibly,  that 
the  application  of  heat  is  incapable  of  expelling  it,  the  ad- 
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dition  of  inflammable  matter  becomes  expedient.  And,  to 
enable  the  reduced  particles  of  metal  to  agglutinate  and  form 
a  collected  mass,  instead  of  scattered  grains,  which  would 
otiierwise  happen,  some  fusible  ingredient  must  be  added, 
through  which,  when  in  fusion,  the  reduced  metal  may  de- 
scend, and  be  collected  at  the  bottom  of  the  crucible.  Sub- 
stances that  answer  both  these  purposes  are  called  fluxes. 
The  alkaline  and  earthy  part  of  fluxes  serve  also  another  end, 
viz.  that  of  combining  with  any  acid  which  may  be  attached  to 
a  metal,  and  which  would  prevent  its  reduction  if  not  separated. 

The  ores  of  different  melals,  and  diflerent  ores  of  the  same 
metal,  require  difierent  fluxes.  To  offer  rules,  however,  for 
each  individual  case,  would  occupy  too  much  room  in  this 
work :  I  shall,  therefore,  only  state  a  few  of  those  fluxes  that 
are  most  generally  applicable. 

The  black  flux  is  formed,  by  setting  fire  to  a  mixture  of  one 
part  of  nitrate  of  potassa,  and  two  of  bi-tartrate  of  potassa ; 
which  affords  an  intimate  mixture  of  sub-carbonate  of  potassa 
with  a  fine  light  coal.  IV kite  flux  is  obtained  by  projecting 
into  a  red-hot  crucible  equal  parts  of  the  same  salts.  Two 
parts  of  common  salt,  previously  dried  in  a  crucible,  one  part 
of  dry  and  powdered  lime,  one  part  of  fluate  of  lime,  and  half 
a  part  of  charcoal ;  or  400  parts  of  calcined  borax,  40  of  lime, 
and  50  of  charcoal ;  or,  two  parts  of  pounded  and  finely  sifted 
glass,  one  of  borax,  and  half  a  part  of  charcoal,  are  all  well 
adapted  to  the  purpose  of  fluxes.  The  ore,  after  being  roasted, 
if  necessary,  is  to  be  well  mixed  with  three  or  four  times  its 
weight  of  the  flux,  and  put  into  a  crucible,  with  a  little  pow- 
dered charcoal  over  the  surface.  A  cover  must  be  luted  on, 
and  the  crucible  exposed  to  the  necessary  heat  in  a  wind-fur- 
nace. Ores  of  iron  being  difiicultly  reduced,  require  a  very 
intense  fire.  Those  of  silver  and  lead  are  metallized  by  a 
lower  heat  The  metal  is  found  at  the  bottom  of  the  crucible, 
in  the  form  of  a  round  button. 

The  volatile  metals,  as  mercury,  zinc,  arsenic,  tellurium, 
and  osmium,  it  is  obvious,  ought  not  to  be  treated  in  the  above 
manner,  and  require  to  be  distilled  with  inflammable  matters 
in  an  earthen  retort. 

For  minute  instructions  respecting  the  analysis  of  every 
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9pede%  of  ore,  both  in  the  humid  and  drjr  wajs,  I  refer  to  the 
second  Tolnme  of  Mr.  Kirwan's  Mineralogy,  and  to  a  Treatise 
on  the  General  Principles  of  Chemical  Analysis,  translated 
from  the  French  of  Thenard,  by  Mr.  Children.  Varioos  ex* 
cellent  examples,  which  may  be  studied  with  great  advantage, 
may  be  (band  in  the  essays  of  Vanqaelin,  dispersed  throogh 
the  Annales  de  Chimie;  in  those  of  Mr.  Hatchett  and  Mr. 
Chenevix,  in  the  Philosophical  Transactions;  of  Dr.  Kennedy, 
in  Nicholson's  Journal;  and  of  Mr.  Klaprotb,  in  the  work 
already  frequently  referred  to.  It  is  only,  indeed,  by  an  atten- 
tion to  these,  and  to  more  recent  models  of  chemical  skill  and 
accuracy  to  be  found  in  the  various  philosophical  joumalsy 
conjoined  with  the  practical  imitation  of  them^  that  facility  or 
certainty  in  the  art  of  analyzing  minerals  con  be  acquired : 
and  though  general  rules  are,  in  this  instance,  of  considerable 
utility,  it  is  impossible  to  frame  any  that  can  be  adapted  to  the 
infinite  variety  which  nature  presents  in  the  productions  of  the 
mineral  kingdom. 
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CHAPTER  XV. 

APPLICATION  OF  CHEMICAL  TESTS  AND  RE-AOfiNTS  TO  VARIOUS 
USEFUL  PURPOSES. 


SECTION  I. 

Method  ofDeieciing  Poisons. 

When  sudden  death  is  suspected  to  have  been  occasioned 
by  the  administration  of  poison,  either  wilfully  or  by  acci- 
deot»  the  testimony  of  the  physician  is  occasionally  required 
to  confirm  or  invalidate  this  suspicion.  He  may  also  be, 
sometimes  called  u])on  to  ascertain  the  cause  of  the  noxious 
effects  arising  from  the  presence  of  poisonous  substances  in 
articles  of  diet;  and  it  may  therefore  serve  an  important  pur-, 
pose»  to  point  out  concisely  the  simplest  and  most  practicable 
modes  of  obtaining^  by  experiment^  the  necessary  informal 
tion. 

The  only  poisons,  however,  that  can  be  clearly  and  de« 
cisively  detected  by  chemical  means,  are  those  of  the  mineral 
kingdom.  Arsenic,  and  corrosive  sublimate,*  are  most  likely> 
to  be  exhibited  with  the  view  of  producing  death ;  and  lead 
and  o^per  may  be  introduced  undesignedly,  in  several  way8« 
into  our  food  and  drink.  The  continued  and  unsuspected 
operation  of  the  two  last  may  often  produce  effects  less  sud- 
den and  violent,  but  not  less  baneful  to  health  and  life^  than 
the  more  active  poisons;  and  their  operation  generally  in- 
volves, in  the  pernicious  coi^eqaences,  a  greater  number  of 
sufferers. 


*  I  uso  the  term  arsenic,  instead  of  the  more  proper  one,  arsenious  acid; 
and  corrosive  sublimate,  for  bichloride  or  oxymoriate  of  mercary ;  becaqse 
the  former  terms  ^re  paore  generally  understood. 
VOL.  II.  2  O 
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Art.  I. — Method  of  discovering  Arsenic. 

When  the  cause  of  sudden  death  is  believed,  from  the 
Fymptoms  preceding  it,  to  be  the  administration  of  arsenic, 
the  contents  of  the  stomach  must  be  attentively  examined. 
To  effect  this,  let  a  ligature  be  made  at  each  orifice^  the 
stomach  removed  entirely  from  the  body,  and  its  whole  con- 
tents washed  out  into  an  earthen  or  glass  vessel.  The  arsenic, 
on  account  of  its  greater  specific  gravity,  will  settle  to  the 
bottom,  and  may  be  obtained  separate,  after  washing  off  the 
other  substances  by  repeated  affusions  of  cold  water.  These 
washings  should  not  be  thrown  away,  till  the  presence  of  arse- 
nic has  been  clearly  ascertained.  It  may  be  expected  at  the 
bottom  of  the  vessel  in  the  form  of  a  white  powder,  which 
must  be  carefully  collected,  dried  on  a  filter,  and  submitted 
to  experiment. 

(A)  Boil  a  small  portion  of  the  powder  with  a  few  ounces 
of  distilled  water,    in  a  clean  Florence  flask,   and  filter  the  ^ 
solution. 

(B)  To  this  solution  add  a  portion  of  water,  saturated 
with  sulphureted  hydrogen  gas.  If  arsenic  be  present,  a 
golden  yellow  sediment  will  fall  down,  which  will  appear 
(Efooner,  if  a  few  drops  of  acetic  acid  be  added. 

(C)  A  similar  effect  is  produced  by  the  addition  of  sul- 
phuret  of  ammonia,  or  hydro-sulphuret  of  potassa.* 

It  is  necessary,  however,  to  observe  that  these  tests  are  de- 
composed not  only  by  all  metallic  solutions,  but  by  the  mere 
addition  of  any  acid.  But  among  these  precipitates.  Dr. 
Bostock  assures  U8,t  the  greatest  part  are  so  obviously  dii^ 
ferent  as  not  to  afford  a  probability  of  being  mistaken ;  the 
Only  two,  which  bear  a  close  resemblance  to  it,  are  the  preci- 
pitate from  tartarized  antimony,  and  that  separated  by  an 
acid.  In  the  latter,  however,  the  sulphur  preserves  its  pe- 
culiar yellow  colour,  while  the  arsenic  presents  a  deep  shade 
of  orange;  but  no  obvious  circumstance  of  discrimination 
can  be  pointed  out  between  the  hydro-sulphurets  of  arsenic 

*  See  vol.  i.  page  370. 

t  Edinburgh  Medical  and  Surgical  Journal,  v.  16G . 
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ond  of  antimony.  Hence  Dr.  Bostock  concludes  that  sul- 
phureted  hydrogen  and  its  compounds  merit  our  confidence 
only  as  collateral  tests.  They  discover  arsenic  with  great 
delicacy :  sixty  grains  of  water,  to  which  one  grain  only  of 
liquid  sulphuret  (hydrogureted  sulphuret  ?)  had  been  added, 
was  almost  instantly  rendered  completely  opaque  by  -gi^th  of  a 
grain  of  the  white  oxide  of  arsenic  in  solution. 

(D)  To  a  little  of  the  solution  (A)  add  a  single  drop  of  a 
weak  solution  of  subcarbonate  of  potassa,  and  afterward  a  few 
drops  of  a  solution  of  sulphate  of  copper.  Tlic  presence  of 
arsenic  will  be  manifested  by  a  yellowish  gi-een  precipitate. 
Or  boil  a  portion  of  the  suspected  powder  with  a  dilute  so- 
lution of  pure  potassa,  and  with  this  precipitate  the  sulphate 
of  copper,  when  a  similar  appearance  will  ensue  still  more 
remarkably,  if  arsenic  be  present.  The  colour  of  this  pre- 
cipitate is  perfectly  characteristic.  It  is  that  of  the  pigment 
called  Scheele's  green.*  To  identify  the  arsenic  with  still 
greater  certainty,  it  may  be  proper,  at  the  time  of  making 
the  experiments  on  a  suspected  substance,  to  perform  similar 
ones,  as  a  standard  of  comparison,  on  what  is  actually  known 
to  be  arsenic.  Let  the  colour,  therefore,  produced  by  adding 
an  alkaline  solution  of  the  substance  under  examination,  to  a 
solution  of  sulphate  of  copper,  be  compared  with  that  ob- 
tained by  a  similar  admixture  of  a  solution  of  copper  with 
one  of  real  arsenic  in  alkali. 

The  proportions,  in  which  the  different  ingredients  are  em- 
ployed. Dr.  Bostock  has  found  to  have  considerable  influence 
on  the  distinct  exhibition  of  the  effect.  Those,  which  he  has 
observed  to  answer  best,  were  one  of  arsenic,  three  of  potassa 
(probably  the  sub-carbonate  or  common  salt  of  tartar),  and 
five  of  sulphate  of  copper.  For  instance,  a  solution  of  one 
grain  of  arsenic,  and  tln-ee  grains  of  potassa,  in  two  drachms 
of  water,  being  mingled  with  another  solution  of  five  grains  of 
sulphate  of  copper  in  the  same  quantity  of  water,  the  whole 
was  converted  into  a  beautiful  grass  green,  from  which  a  co- 
pious precipitate  of  the  same  hue  slowly  subsided,  leaving  the 
supernatant  liquor  transparent  and  nearly  colourless.     Tlie 

*  See  chap,  ix.  sect.  19. 
2o2 
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isame  materials,  except  with  tlie  omission  of  tlie  arsenici  being 
employed  in  the  same  manner,  a  delicate  sky-blue  resulted, 
so  different  from  the  former,  as  not  to  admit  of  the  possibility 
of  mistake.  In  this  way,  ^^th  of  a  grain  of  arsenic,  di£Fu8ed 
through  sixty  grains  of  water,  afforded,  by  the  addition  of 
sulphate  of  copper  and  potassa  in  proper  proportions,  a  dis- 
tinct precipitate  of  Scheelc's  green.  In  employing  this  test, 
it  is  necessary  to  view  the  fluid  by  reflected  and  not  by  trans- 
mitted light,  and  to  make  the  examination  by  day-light  To 
render  the  effect  more  apparent,  a  sheet  of  white  paper  may 
be  placed  behind  the  glass  in  which  the  mixed  fluids  are  con- 
tained ;  *  or  the  precipitation  may  be  effected  by  mixing  the 
fluids  on  a  piece  of  writing  paper. 

(E)  The  sediments,  produced  by  any  of  the  foregoing  ex- 
periments, may  be  collected,  dried,  and  laid  on  red-hot  char- 
coal. A  smell  of  sulphur  will  first  arise,  and  will  be  followed 
by  that  of  garlic. 

(F)  A  process  for  detecting  arsenic  has  been  proposed  by 
Mr.  Hume,  of  London,  in  the  Philosophical  Magazine  for 
May,  1809,  vol.  xxxiii.  The  test,  which  he  has  suggested,  is 
the  fused  nitrate  of  silver  or  lunar  caustic,  which  he  employs 
in  the  following  manner :  f 

Into  a  clean  Florence  oil  flask,  introduce  two  or  three 
grains  of  any  powder  suspected  to  be  arsenic;  add  not  less 
than  eight  ounce-measures  of  either  rain  or  distilled  water; 
and  heat  this  gradually  over  a  lamp  or  a  clear  coal  fire,  till  the 
solution  begins  to  boil.  Then,  while  it  boils,  frequently  shake 
the  flask,  which  may  be  readily  done  by  wrapping  a  piece  of 
leather  round  its  neck,  or  putting  a  glove  upon  the  band. 
To  the  hot  solution,  add  a  grain  or  two  of  sub-carbonate  of 
potassa  or  soda,  agitating  the  whole  to  make  the  mixture  nni* 
form. 

In  the  next  place,  pour  into  an  ounce  phial  or  a  smaH 
wine  glass  about  two  table  spoonfuls  of  this  solution,  and  pre- 
sent, to  the  mere  surface  of  the  fluid,  a  stick  of  dry  nitrate  of 
silver  or  lunar  caustic.  If  there  be  any  arsenic  present,  a 
beautiful  yellow  precipitate  will  instantly  appear,  which  will 

•  lib.  citat.  p.  iro. 

t  London  Medical  and  Physical  Journal,  xxiii.  448. 
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pro€eed  from  the  point  of  contact  of  the  nitrate  with  the  fluid; 
and  settle  towards  the  bottom  of  tlie  vessel  as  a  flocculent  and 
copious  precipitate. 

The  nitrate  of  silver,  Mr*  Hume  finds,  also,  acts  veiy  sen- 
sibly upon  arsetiale  of  poiassa,  and  decidedly  distinguishes  this 
salt  from  the  above  solution  or  arseniie  of  potassa ;  the  colour 
of  the  precipitate,  occasioned  by  the  arsenaie,  being  much 
darker  and  more  inclined  to  brick-red.  In  both  cases,  he  is 
of  opinion  that  the  test  of  nitrate  of  silver  is  greatly  superior 
to  that  of  sulphate  of  copper ;  inasmuch  as  it  produces  a  much 
more  copious  precipitate,  when  equal  quantities  are  submitted 
to  experiment.  The  tests  he  recommends  to  be  employed  in 
their  dry  state,  in  preference  to  that  of  solution;  and  that  the 
piece  of  salt  be  held  on  the  surface  only* 

A  modified  application  of  this  test  has  since  been  proposed 
by  Dr.  Marcet,  whose  directions  are  as  follow.    Let  the  fluid, 
suspected  to  contain  arsenic,   be  filtered ;   let  the  end  of  a 
glass  rod,  wetted  with  a  solution  of  pure  ammonia,  be  brought 
into  contact  with  this  fluid,  and  let  the  end  of  a  clean  rody 
similarly  wetted  witli  solution  of  nitrate  of  silver,  be  immersed 
in  the  mixture.     If  the  minutest  quantity  of  arsenic  be  pre- 
sent, a  precipitate  of  a  bright  yellow  colour  inclining  to  orange 
will  appear  at  the  point  of  contact,  and  will  readily  subside  to 
the  bottom  of  the  vessel.      As  this  precipitate  is  soluble  in 
ammonia,  the  greatest  care  is  necessary  not  to  add  an  excess 
of  that  alkali.    The  acid  of  arsenic,  with  the  same  test,  afibrds 
a  brick-red  precipitate.* — Mr.  Hume,  it  may  be  added,  now 
prepares  his  test  by  dissolving  a  few  grains,  say  ten,  of  lunar 
caustic  in  nine  or  ten  times  its  weight  of  distilled  water;  pre- 
cipitating by  liquid  ammonia ;  and  adding  cautiously,  and  by 
a  few  drops  at  once,  liquid  ammonia,  till  the  precipitate  is  re- 
dissolved,  and  no  longer.    To  obviate  the  possibility  of  any 
excess  of  ammonia,  a  small  quantity  of  the  precipitate  may  be 
left  undissolved.    To  apply  this  test,  notliing  more  is  required 
than  to  dip  a  rod  of  glass  into  this  liquor,  and  then  touch 
with  it  the  surface  of  a  solution  supposed  to  contain  arsenic, 
which  will  be  indicated  by  a  yellow  precipitate. 


*  Med,  Clitr.  Trans*  ii.  IH^ 
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Mr.  Sylvester  has  objected  to  this  test,  that  it  will  not  pro- 
dace  the  expected  appearance,  when  common  salt  is  present. 
He  has,  therefore,  proposed  the  red  acetate  of  iron  as  a  better 
test  of  arsenic,  with  which  it  forms  a  bright  yellow  deposit; 
or  the  acetate  of  copper,  which  affords  a  green  precipitate. 
Of  the  two,  he  recommends  the  latter  in  preference,  but  ad- 
vises that  both  should  be  i*esortcd  to  in  doubtful  cases.*  Dr. 
Marcet,  however,  has  replied,  that  the  objection  arising  from 
the  presence  of  common  salt  is  easily  obviated ;  for  if  a  little 
diluted  nitric  acid  be  added  to  the  suspected  liquid,  and  then 
nitrate  of  silver  very  cautiously  till  the  precipitate  ceases,  the 
muriatic  acid  will  be  removed,  but  the  arsenic  will  remain  in 
solution,  and  the  addition  of  ammonia  will  produce  tlie  yellow 
precipitate  in  its  characteristic  form.  It  is  scarcely  necessary 
to  add  that  the  quantity  of  ammonia  must  be  sufficient  to 
saturate  any  excess  of  nitric  acid  which  the  fluid  may  con- 
tain.t 

A  more  important  objection  to  nitrate  of  silver  as  a  test  of 
arsenic  is,  that  it  affords,  with  the  alkaline  phosphates,  a  pre- 
cipitate of  phosphate  of  silver,  scarcely  distinguishable  by  its 
colour  from  the  arseniate  of  that  metal. t  Ii^  answer  to  this, 
it  is  alleged  by  Mr.  Humc,§  that  the  arsenite  of  silver  may 
be  discriminated  by  a  curdy  or  fiocculent  figure^  resembling 
that  of  fresh  precipitated  muriate  of  silver,  except  that  its 
colour  is  yellow  J  while  the  phosphate  is  smooth  and  homo- 
geneous. The  better  to  discriminate  these  two  arseuites,  he 
advises  two  parallel  experiments  to  be  made,  upon  separate 
pieces  of  clean  writing  paper,  spreading  on  the  one  a  little  of 
the  fresh  prepared  arsenite,  and  on  the.  other  a  little  of  the 
phosphate.  When  these  are  suffered  to  dry,  the  phosphate 
will  gradually  assume  a  black  colour,  or  nearly  so,  while  the 
arsenite  will  pass  from  its  original  vivid  yellow  to  an  Indian 
yellow,  or  nearly  a  fawn  colour. 

Dr.  Paris  conducts  the  trial  in  the  following  manner:  drop 
the  suspected  fluid  on  a  piece  of  white  paper,  making  with  it 
a  broad  line;  along  this  line  a  stick  of  lunar  caustic  is  to  be 


•  33  Nicb.  Joum.  306.  f  Pl"l.  Mag.  xli.  124. 

X  Tlioinson's  Annals,  viii.  153.  §  Med.  and  Phys.  Journ.  Jan.  1818. 
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slowly  drawn  several  times  successively,  when  a  streak  will 
appear  of  the  colour  resembling  that  known  by  the  name  of 
Indian  yellow.  This  is  equally  produced  by  arsenic  and  by 
an  alkaline  phosphate,  but  the  one  from  arsenic  is  rough> 
curdy,  and  flocculent,  like  that  from  a  crayon ;  that  from  a 
phosphate  is  homogeneous  and  uniform,  resembling  a  water 
colour  laid  smoothly  on  with  a  brush*  But  a  more  important 
and  distinctive  pec,uliarity  soon  succeeds ;  for  in  less  than  two 
minutes  the  phosphoric  yellow  fades  into  a  sad  greeny  and  be* 
comes  gradually  darker,  and  ultimately  quite  black,  while  on 
the  other  band  the  arsenic  yellow  continues  permanent,  or 
nearly  so,  for  some  time,  and  then  becomes  brown.  In  per- 
forming this  experiment,  the  sunshine  should  be  avoided,  or 
the  change  of  colour  will  take  place  too  rapidly.  (Ann.  of 
Phil.  X.  60.)  The  author  of  the  London  Dispensatory  adds, 
that  the  test  is  improved  by  brushing  the  streak  lightly  over 
with  liquid  ammonia  immediately  after  the  application  of  the 
caustic^  when,  if  ai'senic  be  present,  a  bright  queen's  yellow  is 
produced,  which  remains  permanent  for  nearly  an  hour;  but 
that  when  lunar  caustic  produces  a  while  yellow  before  the 
ammonia  is  applied,  we  may  infer  the  presence  of  some  alka- 
line phosphate  rather  than  of  arsenic. 

(G)  Mr.  Smithson  pro)K>ses  to  fuse  any  powder  suspected 
to  contain  arsenic  with  nitre ;  this  produces  arseniate  of  po- 
lassa^  of  which  tlie  solution  affords  a  brick  red  precipitate 
with  nitrate  of  silver.  In  cases  where  any  sensible  portion  of 
the  alkali  <^the  nitre  has  been  set  free,  it  must  be  saturated 
with  acetous  acid,  and  the  saline  mixture  dried  and  re-dissolved 
in  water.  So  small  is  the  quantity  of  arsenic  required  for  this 
mode  of  trial,  that  a  drop  of  solution  of  oxide  of  arsenic  in 
water  (which  at  5*^^  Fahr.  may  be  estimated  to  contain  -:^th 
its  weight  of  the  oxide),  mixe<l  with  a  little  nitrate  of  potassa, 
and  fused  in  a  platinum  spoon,  affords  a  very  sensible  quan- 
tity of  arseniate  of  silver.  (Ann.  of  PhiL  N.  S.  iv«  127.) 

(H)  Dr.  Cooper,  President  of  Columbia  College,  finds  a 

solution  of  chromate  of  potassa  to  be  one  of  the  best  tests  of 

arsenic.    One  drop  is  turned  green  by  the  fourth  of  a  grain 

of  arsenic,  by  two  or  three  drops  of  Fowler's  mineral  solution^ 

,  or  any  other  arsenite  of  potassa.    The  arsenious  acid  lakes 
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oxygen  from  the  chromic,  which  is  converted  into  oxide  of 
chrome.  To  exhibit  the  effect,  take  five  watch  glasses;  put 
on  one^  two,  or  three  dn^  of  a  watery  solution  of  white  ar- 
senic; on  the  second,  as  much  arsenite  of  potassa;  on  the 
third,  one  fourth  of  a  grain  of  white  arsenic  in  substance;  on 
the  fourth,  two  or  three  drops  of  solution  of  corrosive  sublir 
mate;  on  the  fifth,  two  or  three  drops  of  a  solution  of  copper. 
.Add  to  each  three  or  fi>ur  dro|is  of  a  solution  of  cbromate  of 
potassa*  In  half  an  hour  a  bright  clear  grass  green  colour 
will  appear  in  numbers  1,  S,  8,  unchangeable  by  ammonia: 
number  4  will  instantly  exhibit  an  orange  precipitate ;  and 
number  5  a  green,  which  a  drop  of  ammonia  will  instantly 
change  to  blue.    (Silliman's  American  Journal,  iii.) 

(I)  But  the  most  decisive  mode  of  determining  the  pre- 
sence of  arsenic  (which,  though  not  absolutely  indispensable, 

•  should  always  be  resorted  to,  when  the  suspected  substance 
can  be  obtained  in  sufficient  quantity),  is  by  reducing  it  to  a 
metallic  state ;  for  its  characters  are  then  clear  and  unequi- 
vocal. For  this  puiixMe,  let  a  portion  of  the  white  sediment, 
collected  from  the  contents  of  the  stomach,  be  dried  and  mixed 
with  three  times  its  weight  of  black  flux  (see  p.  559) ;  or  if 
this  cannot  be  procured,  with  two  parts  of  very  dry  carbonate 
of  potassa  (the  salt  of  tartar  of  the  shopsX  and  one  of  pow- 
dered charcoal.  Dr.  Bostock  finds  that  for  this  mixture,  we 
may  advantageously  substitute  one  composed  of  half  a  grain 
of  charcoal,  and  two  drops  of  oil,  to  a  grain  of  the  sediment* 
Procure  a  tube  eight  or  nine  inches  long,  and  one  fourth  or 
one  sixth  of  an  inch  in  diameter,  o(  thin  glass,  sealed  herme- 
tically at  one  end.    Then  put  into  the  tube  the  mixture  of 

•  the  powder  and  its  flux,  and  if  any  should  adhere  to  the  inner 
surface,  let  it  be  wiped  off  by  a  feather,  so  that  the  inside 
of  all  the  upper  part  of  the  tube  may  be  quite  clean  and 
dry*  Stop  the  end  of  the  tube  loosely,  with  a  little  paper,  and 
heat  the  sealed  end  only,  on  a  chafing-dish  of  red-hot  coalsy 
taking  care  to  avoid  breathing  the  fumes.  Tlie  arsenic,  if 
present,  will  rise  to  the  upper  part  of  the  tube,  on  the  inner 
sorfiiee  of  which  it  will  form  a  thin  brilliant  coating.  Break 
the  tube,  and  scrape  off  the  reduced  metal.  Lay  a  little  on  a 
heated  iron,  when,  if  it  be  arsenii^  a  dense  smoke  will  arisey 
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and  a  strong  smell  of  ((arlic  will  be  perceived.  The  arsenic 
may  be  farther  identified,  by  potting  a  small  quantity  between 
two  polished  plates  of  copper,  surrounding  it  by  powdered 
charcoal,  to  prevent  its  escape,  binding  these  tightly  together 
by  iron  wire,  and  exposing  them  to  a  low  red  heat.  If  the 
included  substance  be  arsenic,  a  white  stain  will  be  left  on  the 
copper. 

(K)  It  may  be  proper  to  observe,  that  neither  the  atim  on 
copper,  nor  the  odour  of  garlic,  is  produced  by  the  white 
oxide  of  arsenic,  when  heated  without  the  addition  of  some 
inflammable  ingredient.  The  absence  of  arsenic  must  not, 
therefore,  be  inferred,  if  no  smell  should  be  occasioned  by 
laying  the  white  powder  on  a  heated  iron. 

Dr.  Black  ascertained,  that  all  the  necessary  experiments^ 
for  the  detection  of  arsenic,  may  be  made  on  a  single  grain  of 
the  white  oxide;  this  small  quantity  having  produced,  when 
heated  in  a  tube  with  its  proper  flux,  as  much  of  the  metal  as 
clearly  establiihecl  its  presence. 

If  the  quantity  of  arsenic  in  the  stomach  should  be  so 
small,  which  is  not  very  probable^  as  to  occasion  deatli,  and 
yet  to  remain  suspended  in  the  washings,  the  whole  con- 
tents»  and  the  water  employed  to  wash  them,  must  be  fil- 
tered, and  the  clear  liquor  assayed  for  arsenic  by  the  tests 
(B),  (C),  (D),  and  (E). 

In  tiiis  case  it  is  necessary  to  be  careful  that  the  colour  df 
the  precipitate  is  not  modified  by  that  of  the  liquid  found  in 
the  stomach.  If  this  be  yellow,  the  precipitate  by  sulphate 
of  copper  and  carbonate  of  potassa,  will  appear  green,  even 
though  no  arsenic  be  present ;  but  on  leaving  it  to  settle,  de- 
canting off  the  fluid,  and  replacing  it  with  water,  it  will  ev>- 
denlly  be  blue  witliout  any  tinge  of  green,  being  no  longer 
seen  through  a  yellow  medium.  (Dr.  Pturis.) 

The  liquid  contents  of  tlie  stomach  may  also  be  evaporated 
.  to  dryness  below  250^  Fahr.  and  the  dry  mass  be  exposed  to 
.  heat  at  the  bottom  of  a  Florence  flask,  to  sublime  the  arsenic. 
If  dissolved  in  an  oily  fluid.  Dr.  Ure  proposes  to  boil  the 
solution  with  distilled  water,  and  afterwards  to  separate  the 
.  oil  by  the  capillary  action  of  wick  threads.  The  watery  fluid 
.  may  th^  be  subjoct^d  to  the  vsu^l  tfists. 
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In  an  investigation,  tlie  event  of  which  is  to  affect  the  life 
of  an  accused  person,  it  is  the  duty  of  every  one  who  may 
prepare  himself  to  give  evidence,  not  to  rest  satisfied  with  the 
appearances  produced  by  any  one  test  of  ai*senic ;  but  to  ren- 
der its  presence  quite  unequivocal  by  the  concun*ing  results  of 
several. 

Art.  II. — Discovery  of  Corrosive  Suhlimale^  Baryta,  &c. 

Corrosive  sublimate  (the  bi*chloride  or  oxy-muriate  of  mer- 
cury), next  to  arsenic,  is  the  roost  virulent  of  the  metallic 
poisons.  It  may  be  collected  by  treating  the  contents  of  the 
stomach  in  the  manner  already  described;  but  as  it  is  more 
soluble  than  arsenic,  viz.  in  about  19  times  ks  weight  of  water, 
no  more  water  must  be  employed  than  is  barely  sufficient,  and 
the  washings  must  be  carefully  preserved  for  examination. 

If  a  powder  should  be  collected,  by  this  operation,  which 
proves,  on  examination,  not  to  be  arsenic,  it  may  be  known 
to  be  corrosive  sublimate  by  the  following  characters : 

(A)  Expose  a  small  quantity  of  it,  without  any  admixture, 
to  heat  in  a  coated  glass  tube,  as  directed  in  the  treatment  of 
arsenic.  Corrosive  sublimate  will  be  ascertained  by  its  rising 
to  the  top  of  the  tube,  lining  the  inner  surface  in  the  form  of  a 
shining  white  crust. 

(B)  Dissolve  another  portion  in  distilled  water ;  and  it  may 
be  proper  to  observe  how  much  of  the  salt  the  water  is  capa- 
ble of  taking  up. 

(C)  To  the  watery  solution  add  a  little  lime-water.  A  pre- 
cipitate of  an  orange  yellow  colour  will  instantly  appear. 

(D)  To  another  portion  of  the  solution  add  a  single  drop 
of  a  dilute  solution  of  sub-carbonate  of  potassa  (salt  of  tartar). 
A  white  precipitate  wmH  appear ;  but,  on  a  still  farther  addition 
of  alkali,  an  orange»coIoured  sediment  will  be  formed. 

(E)  The  carbonate  of  soda  has  similar  efl^ts. 

(F)  Sulphureted  water  throws  down  a  dark-coloured  sedi- 
ment, which,  when  dried  and  strongly  heated,  Is  wholly  vola- 
tilized, without  any  odour  of  garlic. 

For  the  detection  of  corrosive  sublimate,  Mr.  Sylvester  has 
recommended  the  application  of  galvanism,  which  exhibits  the 
mercury  in  a  metallic  state.    A  piece  of  zinc  wire,  or  if  that 
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cannot  be  had,  of  iron  wire  about  three  inches  long,  is  to  be 
twice  bent  at  right  angles  so  as  to  resemble  the  Greek  letter  11^ 
The  two  legs  of  this  figure  should  be  distant  about  the  dia- 
meter of  a  common  gold  wedding-ring  from  each  other,  and 
the  two  ends  of  the  bent  wire  must  afterwards  be  tied  to  a 
ring  of  this  description.  Let  a  plate  of  glass,  not  less  than 
three  inches  square,  be  laid  as  nearly  horizontal  as  possibly 
and  on  one  side,  drop  some  sulphuric  acid,  diluted  with 
about  six  times  its  weight  of  water,  till  it  spreads  to  the  size 
of  a  halfpenny.  At  a  little  distance  from  this,  towards  the 
other  side,  next  drop  some  of  the  solution  supposed  to  con- 
tain corrosive  sublimate,  till  the  edges  of  the  two  liquids  join 
together ;  and  let  the  wire  and  ring  prepared  as  above  be  laid 
in  such  a  way  that  the  wire  may  touch  the  acid,  while  the  gold 
ring  is  in  contact  with  the  suspected  liquid.  If  the  minutest 
quantity  of  corrosive  sublimate  be  present,  the  ring  in  a  few 
minutes  will  be  covered  with  mercury  on  the  part  which 
touched  the  fluid. 

Mr.  Smithson  remarks,  that  all  the  oxides  and  saline  com- 
pounds of  mercui^,  if  laid  in  a  drop  of  marine  acid  on  gold, 
with  a  bit  of  tin,  quickly  amalgamate  the  gold.  In  this  way, 
a  very  mhiute  quantity  of  corrosive  sublimate,  or  a  drop  of 
its  solution  may  be  tried,  and  no  addition  of  muriatic  acid  is 
then  required.  Quantities  of  mercury  may  thus  be  rendered 
evident,  which  could  not  be  so  by  any  other  means.  Even 
the  mercury  of  cinnabar  may  be  exhibited ;  but  it  must  pre- 
viously be  boiled  with  a  little  sulphuric  acid  in  a  platinum 
spoon,  to  convert  it  into  sulphate.  An  exceedingly  minute 
quantity  of  metallic  mercury  in  any  powder  may  1x3  disco- 
vered by  placing  it  in  nitric  acid  on  gold,  drying,  and  adding 
muriatic  acid  and  tin. 

The  only  mineral  poison  of  great  virulence  that  has  not 
been  mentioned,  and  which,  from  its  being  little  known  to 
act  as  such,  it  is  very  improbable  we  should  meet  with,  is  the 
carbonate  of  baryta.  This,  in  the  country  where  it  is  found, 
is  employed  as  a  poison  for  rats,  and  there  can  be  no  doubt 
would  be  equally  destructive  to  human  life.  It  may  be  dis« 
covered  by  dissolving  it  in  muriatic  acid,  and  by  the  insolu« 
bility  of  the  precipitate  which  this  solution  yields  on  adding 
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sulpbaric  acid,  or  sulphate  of  soda.  Soluble  barjtic  salts,  if 
these  have  been  the  means  of  poison,  will  be  contained  in  the 
vater  employed  to  wash  the  contents  of  the  stomach,  and  will 
be  detected,  on  adding  sulphuric  acid,  by  a  copious  precipitate- 
It  may  be  proper  to  observe^  that  the  failure  of  attempts  to 
discover  poisonous  substances  in  the  alimentary  canal  after 
death,  is  by  no  means  a  sufficient  proof  that  death  has  not 
been  occasioned  by  poison.  For  it  has  been  clearly  esta- 
blished, by  ^Lperiments  made  on  animals,  tliat  a  poison  may 
be  so  completely  evacuated,  that  no  traces  of  it  shall  be  found, 
and  yet  that  death  may  ensue  from  the  morbid  changes  which 
it  has  occasioned  in  the  alimentary  canal,  or  in  the  general 
system. 

Art.  III. — Met /tod  of  detecting  Copper  or  Lead. 

Copper  and  lead  sometimes  gain  admission  into  articles  of 
food,  in  consequence  of  the  employment  of  kitchen  utensils 
of  these  materials. 

I.  If  COPPER  be  suspected  in  any  liquor,  its  presence  will 
be  ascei*tained  by  adding  a  solution  of  pure  ammonia,  which 
will  strike  a  beautiful  blue  colour.  If  the  sdution  be  very 
dilute,  it  may  be  concentrated  by  evaporation;  and  if  the 
liquor  contain  a  considerable  excess  of  acid,  like  that  used 
to  preserve  pickles,  as  much  of  the  alkali  must  be  added  as 
is  more  than  sufficient  to  saturate  the  acid.  In  this,  and  all 
other  experiments  of  the  same  kind,  the  fluid  should  be  viewed 
by  reflected,  and  not  by  transmitted  light. 

If  into  a  newly  prepared  tincture  of  guaiacum  wood  we 
drop  a  concentrated  solution  of  a  salt  of  copper,  the  mixture 
instantly  assumes  a  blue  colour.  This  effect  does  not  take  place 
when  the  solution  is  very  weak,  for  example,  when  there  is  not 
above  half  a  grain  of  the  salt  to  an  ounce  of  M'ater;  but  then, 
by  the  addition  of  a  few  drops  of  prussic  acid,  the  blue  colour 
is  Instantly  developed  of  great  purity  and  intensity.  This 
colour  is  not  permanent^  but  soon  passes  to  a  green,  and  at 
length  totally  disappears.  For  want  of  prussic  acid,  distilled 
laurel  water  may  be  employed.  The  test  produces  its  eflect, 
even  when  the  proportion  of  the  salt  of  copper  to  the  water 
does  not  exceed  l-45000tb.    In  this  minute  pro|K>rtioa  no 
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other  test)  whether  theprussiate  of  potassa,  soda,  or  ammonin, 
gives  the  least  indication  of  copper.  (Quart.  Joum.  x.  182.) 

II.  Lbad  is  occasionally  found,  in  sufficient  quantity  to  be 
injurious  to  health,  in  water  that  has  passed  through  leaden 
pipes  or  been  kept  in  leaden  vessels,  and  sometimes  even  in 
pump-water,  in  consequence  of  that  metal  having  been  used 
in  the  construction  of  the  pump.  Acetate  of  lead  has  also 
been  known  to  be  fraudulently  added  to  bad  wines,  with  the 
view  of  concealing  their  defects. 

Lead  may  be  discovered  by  adding,  to  a  portion  of  the 
suspected  water,  about  half  its  bulk  of  water  impregnated 
with  sulphureted  hydrogen  gas.  If  lead  be  present,  it  will 
be  manifested  by  a  dark  brown,  or  blackish,  trngc.  This  test 
is  so  delicate,  that  water  condensed  by  the  leaden  worm  of  a 
still-tub,  is  sensibly  affected  by  it.  Lead  is  also  detected  by  a 
similar  effect  ensuing  on  the  addition  of  sulphuret  of  am- 
monia, or  potassa. 

The  adequacy  of  this  method,  however,  to  the  discovery 
of  very  minute  quantities  of  lead,  has  been  set  aside  by  the 
experiments  of  Dr.  Lambe,*  the  author  of  a  skilful  analysis 
of  the  springs  of  Leamington  Priors,  near  Warwick.  By 
new  methods  of  examination,  he  has  detected  the  presence  of 
lead  in  several  spring-waters,  that  manifest  no  change  on  the 
addition  of  the  sulphureted  test;  and  has  found  that  metal 
in  the  precipitate,  separated  from  such  waters  by  the  carbonate 
of  potassa  or  of  soda.  In  operating  on  these  waters,  Dr. 
Lambe  noticed  the  following  appearances: 

(a)  The  test  forms  sometimes  a  dark  cloud,  with  the  pre- 
cipitate effected  by  alkalis,  which  has  been  re-dissolved  in 
nitric  acid. 

(b)  Though  it  forms,  in  other  cases,  no  cloud,  the  precipi- 
tate itself  becomes  darkened  by  the  sulphureted  test. 

(c)  The  test  forms  a  white  cloud,  treated  with  the  precipi- 
tate as  in  (a).     These  two  appearances  may  be  united. 

(d)  The  test  neither  forms  a  cloud,  nor  darkens  the  pre- 
cipitate. 

•  See  his  "  Researches  into  the  Properties  of  Spring  Water,"  8?o. 
London.    Johnson,  1803. 
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(<?)  In  the  cases  (6),  (c),  (i),  heat  the  precipitate,  in  con- 
tact with  an  alkaline  carbonate,  to  redness ;  dissolve  out  the 
carbonate  by  water;  and  treat  the  precipitate  as  in  (a). 
The  sulphurcted  test  then  forms  a  dark  cloud  with  tlie  so- 
lution of  the  precipitate.  In  these  experiments,  it  is  essential 
that  the  acid,  used  to  re-dissolve  the  precipitate,  shall  not  be 
in  excess;  and  if  it  should  so  happen,  that  excess  must  be  sa- 
turated before  the  test  is  applied.  It  is  better  to  use  so  little 
acid,  that  some  of  the  precipitate  may  remain  undissolved. 

(f)  Instead  of  the  process  (e)  the  precipitate  may  be  ex- 
posed without  addition,  to  a  red  heat,  and  then  treated  as 
in  (a).  In  this  case,  the  test  will  detect  the  metallic  matter; 
but  with  less  certainty  than  the  foregoing  one. 

The  nitric  acid,  used  in  these  experiments,  should  be  per- 
fectly pure;  and  the  test  should  be  recently  prepared  by  sa- 
turating water  with  sulphureted  hydrogen  gas.  A  few  drops 
of  nitric  acid  added  to  a  water  containing  lead,  which  has 
been  reduced  to  l-8th  or  I-lOth  its  bulk  by  evaporation,  and 
then  followed  by  the  addition  of  a  few  drops  of  hydriodate  of 
potassa,  produces  a  yellow  insoluble  precipitate. 

Another  mode  of  analysis,  employed  by  Dr.  Lambe,  con- 
siste  in  precipitating  the  lead  by  solution  of  common  salt ;  but 
as  muriate  of  lead  is  partly  soluble  in  water,  this  test  cannot  be 
applied  to  small  portions  of  suspected  water.  The  precipitate 
must  be,  therefore,  collected,  from  two  or  three  gallons,  and 
heated  to  redness  with  twice  its  weight  of  carbonate  of  soda. 
Dissolve  out  the  soda ;  add  nitric  acid,  saturating  any  super- 
fluity; and  then  apply  the  sulphureted  test.  Sulphate  of 
soda  would  be  found  more  effectual  in  this  process  than  the 
muriate,  on  account  of  the  greater  insolubility  of  sulphate  of 
lead.  This  property,  indeed,  renders  sulphate  of  soda  an  ex- 
cellent test  of  the  presence  of  lead,  when  held  in  solution  by 
acids,  for  it  throws  down  that  metal,  even  when  present  in  very 
small  quantity,  in  the  form  of  a  heavy  white  precipitate,  which 
is. not  soluble  by  acetic  acid. 

The  third  process,  which  is  the  most  satisfactory  of  all, 
and  is  very  easy,  except  for  the  trouble  of  collecting  a  large 
quantity  of  precipitate,  is  the  actual  reduction  oF  the  metal, 
and  its  exhibition  in  a  separate  form.     The  precipitate  may 
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be  mixed  with  its  own  weight  of  alkaline  carbonates  and  ex- 
posed either  with  or  without  the  addition  of  a  small  propor- 
tion of  charcoal,  to  a  heat  sufficient  to  melt  the  alkali.  On 
breaking  the  crucible,  a  small  globule  of  lead  will  be  found 
reduced  at  the  bottom.  The  precipitate  from  about  fifty 
gallons  of  water  yielded  Dr.  Lambe,  in  one  instance,  about 
two  grains  of  lead. 

For  discovering  the  presence  of  lead  in  wines,  a  test  in- 
vented by  Dr.  Hahnemann,  and  known  by  the  title  of  Hah- 
nemann's wine-test,  may  be  employed.  This  test  is  prepared 
by  putting  together,  into  a  small  phial,  sixteen  grains  of  sul- 
phuret  of  lime,  prepared  in  the  dry  way  (by  exposing  to  a  red 
heat,  in  a  covered  crucible,  equal  weights  of  powdered  lime 
and  sulphur,  accurately  mixed),  and  20  grains  of  bitartratc  of 
potassa  (cream  of  tartar).  The  phial  is  to  be  filled  with  water, 
well  corked,  and  occasionally  shaken  for  the  space  of  ten 
minutes.  When  the  powder  has  subsided,  decant  the  clear 
liquor,  and  preserve  it^  in  a  well-stopped  bottle,  for  use.  The 
liquor,  when  fresh  prepared,  discovers  lead  by  a  dark  coloured 
precipitate.  A  fiirther  proof  of  the  presence  of  lead  in  wines 
is  tlie  occurrence  of  a  precipitate  on  adding  a  solution  of  the 
sulphate  of  soda. 

Mr.  Sylvester  has  proposed  the  gallic  acid  as  an  excellent 
test  of  the  presence  of  lead.* 

The  quantity  of  lead,  which  has  been  detected  in  sophis- 
ticated wine,  may  be  estimated  at  forty  grains  of  the  metal  in 
every  fifty  gallons-f 

When  a  considerable  quantity  oF  acetate  of  lead  has  been 
taken  into  the  stomach  (as  sometimes,  owing  to  its  sweet 
taste,  happens  to  children),  after  the  exhibition  of  an  active 
emetic,  the  hydro-sulphuret  of  potassa  or  of  ammonia  may  be 
^iven;  or  probably  a  solution  of  sulphate  of  soda  (Glauber's 
salt)  would  render  it  innoxious. 

*  33  Nicbolson's  Journal,  310.  ,  f  Lambe,  page  175. 
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SECTION  II. 

BUtBS  FOR  ASCERTAINING  TBB  PURITY  OV  CHBMICAL  PRB* 
PARATION8,  BMPLOYBD  FOB  THB  PURPOSES  O^  MBOICINB, 
AND   FOR  OTHBR   USES. 

1,-^Stilphuric  Acidj—^Acidum  Stilphuricum  of  ike  London 
PharmacQposiay — Oil  ofVtirioL 

The  specific  gravity  of  sulphuric  acid  should  be  1.8485,  at 
60°  Fahr. ;  when  stronger,  there  is  reason  to  suspect  the  pre- 
sence of  sulphate  of  lead,  or  of  other  impurities.  It  should 
remain  perfectly  transparent  when  diluted  with  distilled 
water.  If  a  sediment  occur,  on  dilution,  it  is  a  proof  of  the 
presence  of  sulphate  of  lead. 

'  Iron  may  be  detected  in  sulphuric  acid,  by  a  little  under- 
saturating  a  portion  of  the  diluted  acid  with  pure  carbonate 
of  soda,  and  adding  prussiate  of  potassa,  which  will  manifest 
the  presence  of  iron  by  a  prussian  blue  precipitate ;  or  it  will 
be  discovered  by  a  puiplish  or  blackish  tinge,  on  the  addition 
of  tincture  of  galls  to  a  similarly  sub-saturated  portion. 
Copper  may  be  discovered,  by  pure  solution  of  ammonia, 
which  turns  it  blue ;  and  lead  may  be  detected  by  the  sul- 
phuret  of  ammonia,  which  causes  a  black  precipitate.  The 
latter  metal,  however,  is  for  the  most  part  thrown  down  on 
dilution,  in  combination  with  sulphuric  acid. 

Sulphate  of  potassa  or  of  soda  may  be  found  by  saturating 
the  diluted  acid  with  ammonia,  evaporating  to  dryness,  and 
applying  a  pretty  strong  heat.  The  sulphate  of  amtnonia 
will  escape,  and  that  of  potassa  or  of  soda  will  remain,  and 
may  be  distinguished  by  its  solubility  and  other  characters.* 

11. — Nitric  and  Nitrous  Adds, — Acidum  Nitricumj  P.  L. — 
Aqua  Fbrtis. 

The  nitric  acid  should  be  perfectly  colourless,  and  as  limpid 
as  water.  It  should  be  preserved  in  a  dark  place,  to  prevent 
its  conversion  into  the  nitrous  kind. 

•  See  vol.  i.  p.  589,  547. 
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These  acids  are  most  likely  to  be  adulterated  with  sulphuric 
and  muriatic  acids.  The  sulphuric  acid  may  be  discovered 
by  adding  to  a  portion  of  the  acid,  largely  diluted,  nitrated  or 
muriated  baryta,  which  will  occasion,  with  sulphuric  acid,  a 
white  and  insoluble  precipitate.  The  muriatic  acid  may  be 
asceitained  by  nitrate  of  silver,  which  affords  a  sediment,  at 
first  white,  but  which  becomes  coloured  by  exposure  to  the 
direct  light  of  the  sun.  Both  these  acids,  however,  may  be 
present  at  once ;  and,  in  this  case,  it  will  he  necessary  to  add 
a  solution  of  nitrate  of  baryta  as  long  as  any  precipitate  falls, 
which  will  separate  the  sulphuric  acid.  Let  the  sediment  sub- 
side, decant  the  clear  liquor,  and  add  the  nitrate  of  silver.  If 
a  precipitate  appear,  muriatic  acid  may  be  inferred  to  be  pre» 
sent  also.  Muriatic  acid  may  also  be  detected  by  adding  a 
solution  of  sulphate  of  silver. 

These  acids  in  their  most  concentrateil  state  should  have 
the  specific  gravity  of  1 .500 ;  but  they  are  seldom  found  so 
heavy. 

III. — Muriatic  Addy—Acidtim  Muriaiicum^  P.  L. — Spirii 
of  Sali. 

This  acid  generally  contains  iron,  which  may  be  known  by 
its  yellow  colour;  the  pure  acid  being  perfectly  colourless. 
Iron  may  also  be  detected  by  the  same  mode  as  was  recom- 
mended in  examining  sulphuric  acid. 

Sulphuric  acid  is  discoverable  by  a  precipitation,  on  adding, 
to  a  portion  of  the  acid,  diluted  with  five  or  six  parts  of  pur 
water,  a  solution  of  the  muriate  of  baryta. 

The  specific  gravity  of  this  acid  should  be  1.170.     That  of 
commerce  is  generally  from  1.156  to  1.160;  and  the  latter 
number  denotes  the  strength  of  acid  prepared  according  to    - 
the  London  Pharmacopoeia.     It  is  as  strong  as  it  can  be  kept 
without  emitting  troublesome  fumes. 

IV. — Acelic  A&idi — Acidum  Acetictimy — Radical  or  Concen- 
trated  Vinegar, 

This  acid  is  often  contaminate<l  by  sulphurous  and  sulphuric 
acid.  The  first  may  be  known  by  drawing  a  little  of  the  vapour 
into  the  lungs,  when,  if  the  acid  be  pure^  no.  unpleasant  sen- 
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§9lkm  vill  be  MU  haU  if  »Hlpli9n>ii«  acid  he  conlaimd  in  the 
M0ttc«  it  will  not  biiu>he  discovered  by  a  sensatioii  resem- 
bling  tbat  produced  by  brenthipg  tbe  fam^s  of  burnlpg  sul- 
pbur.  Tbo  solpimm  4eid  is  deteeted  by  murifttcd  harytA ; 
«opper»  by  siipenHituratioii  with  pare  amoioiiiA;  imd  leaid^  fay 
iulpbiiret  of  wuiioiiiii. 

The  specific  gfmty  of  this  ncid  should  be  1.060  at  least; 
butf  as  I  have  already  stated,  iis  acidity  does  not  keep  pace 
with  its  density. 

\^-^Jcelaus  Acid^^^utddum  Aceticum^  P.  Jj^^DhiiUed 

If  vinegar  be  distilled  in  copper  vessels,  it  can  hardly  fail  of 
being  contaminated  by  that  metal ;  and,  if  a  leaden  worm  be 
used  for  its  condensation,  some  portion  of  lead  will  certainly 
be  dissolved.  The  former  metid  will  appear  on  adding  an 
excess  of  solution  of  pure  ammonia;  and  lead  will  be  detected 
by  sulphureted  ammonia,  or  by  water  saturated  with  suU 
pbureted  hydrof^n.  (See  the  preceding  chapter.)  The 
strength  of  distilled  vinegar  oqgbt,  according  to  Mr.  R.  Phil- 
lips, to  be  such,  that  a  fluid-ounce  should  decompose  13.8 
grains  of  carbonate  of  lime. 

It  is  not  unu3ual,  in  order  to  increase  the  acid  taste  of 
vinegar,  to  add  sulphuric  acid.  This  acid  may  be  immediately 
discovered  by  solutions  of  baryta,  which,  when  viuegar  has 
been  thus  adulterated,  throw  down  a  white  precipitate.  Mu- 
riatic acid  is  discoverable  by  nitrate  of  silver. 

VI. — Boracic  Acid^ — Sedative  Salt  o/Homberg. 

Genuine  boracic  acid  should  totally  dissolve  in  five  times 
its  weight  of  boiling  alcohol;  and  the  solution*  when  set  on 
fire,  should  emit  a  green  flame.  The  best  boracic  acid  forms 
small  hcxangular  scaly  crystals  of  a  shining  silvery  white 
colour.     Its  specific  gravity  is  1.480. 

YlL'-^Tariaric  Acid. 

This  acid  often  contains  sulphuric  aoid;  to  discover  whicb* 
Ut  a  portioii  be  diMvfd  in  watery  and  a  8ol^tiaD  of  acetate 
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of  lead  be  added.  A  preeipitate  will  appear,  vhicb»  if  tbe 
acid  be  pare,  h  endrely  re-dinolved  by  a  few  diops  of  pure 
nitric  acid,  or  by  a  little  pure  acetic  acid.  If  any  portion 
remain  undiisolved,  Bulpburic  add  is  the  cause.  Muriate  of 
baryta,  also^  wben  the  acid  is  adulterated  with  sulphuric 
add,  but  not  otherwise^  gives  a  predpitate  insoluble  by  an 
excess  of  pure  muriatic  add. 

VIII.— ^cW  of  Amher. 

Acid  of  amber  is  adulterated,  sometimes  with  sulphuric 
acid  and  its  combinations ;  sometimes  with  tartaric  acid ;  and 
at  others  with  muriate  of  ammonia* 

Sulphuric  acid  is  detected  by  solutions  of  baryta;  tartaric 
add  by  the  cautious  addition  of  carbonate  of  potassa,  which 
forms  a  difficultly  soluble  bl-tartrate;  and  muriate  of  ammonia 
by  nitrate  of  silver,  which  discovers  the  add,  and  by  a  solu^ 
tion  of  pure  potassm  which  excites  a  strong  smell  of  am- 
monia. 

Pure  acid  of  amber  is  a  crystalline  white  salt  of  an  acid  tast% 
soluble  in  twenty*four  parts  of  cold  or  dght  of  hot  water,  and 
is  volatilized,  when  laid  on  red-hot  iron,  without  leaving  any 
ashes  or  other  residue. 

IX.— ^cie2  of  BenxQin%^^Acidum  Bemoicum^  P.  L* 

This  add  is  not  very  liable  to  adulteration.  The  best  has 
a  brilliant  white  colour  and  a  peculiarly  grateflil  smell.  It  is 
soluble  in  a  large  quantity  of  boiling  water  or  alcohol,  and 
leaves  no  residue  when  placed  on  a  heated  iron. 

X. — Sub^carlonaU  of  Potassot  (  Strictly  the  Carlonate)^^ 
Potassce  SubcarlonaSf  P.  L* 

The  salt  of  tartar  of  the  shops  generally  contdns  sulphate 
and  muriate  of  potassa,  and  uliceous  and  calcareous  earths. 
It  should  dissolve  entirely,  if  pure«  in  twiee  its  wdght  of 
cold  water;  and  any  thing  that  remains  undissolved  may  be 
regarded  as  an  impurity.  Sometimes  one>»fonrth  of  foreign 
mixtures  may  thus  be  detected,  the  greater  part  of  which  is 
sulphate  of  potassa.    To  aseert|tin  the  nature  of  the  adultera*^ 

Digitized  by  VjOOQIC 


580  CHXinCAL  TBnB  AWD  BS-lfiXmS.         CHAP.  XV. 

tioD,  boil  in  dirtilled  water  the  reridoe  left  by  cold  water ;  and 
decant  the  solntion.  ITien  dmolve  a  portion  of  the  sediment 
(if  any)  in  pare  and  diluted  nitric  add:  the  siliceoot  earth 
only  will  remain  undissolved.  Add,  to  one  part  of  the  solution 
by  hot  water,  nitrate  of  baryta;  this  will  detect  snlfdiate  of 
potassa  by  a  copious  predpitate.  To  another  portion  add 
nitrate  of  silver,  which  will  discover  muriatic  salts;  and,  to 
a  little  of  the  soluticm  by  muriatic  acid,  add  oxalate  or  fluate 
of  ammonia,  which  will  detect  carbonate  of  lime. 

The  solution  of  sub-carbonate  of  potassa  {liquor  poldsste 
fubcarbanaiis,  P.  L.)  may  be  examined  in  a  similar  manner. 

XI, — Soluikm  of  pure  Potassa^ — Liquor  Potassce^  P.  L. 

This  may  be  assayed,  for  sniphuric  and  muriatic  salts,  by 
saturation  with  nitric  acid,  and  by  the  tests  recommended  in 
speaking  of  carbonate  of  potassa.  A  perfectly  pure  solution 
of  potassa  should  remain  transparent  on  the  addition  of  barytic 
water.  If  a  precipitate  should  ensue,  soluble  with  efler- 
vescence  in  dilute  muriatic  acid,  it  is  owing  to  the  presence 
of  carbonic  acid  :  if  the  predpitate  is  not  soluble,  it  indicates 
sulphuric  acid.  The  presence  of  carbonic  acid  is  also  shown 
by  an  effervescence,  on  adding  diluted  sulphuric  acid,  and  an 
excess  of  lime  by  a  white  precipitate,  on  blowing  air  from  the 
lungs,  through  the  solution,  by  means  of  a  tobacco-pipe,  or  a 
glass  tube. 

This  solution  should  be  of  such  a  strength,  as  that  an  exact 
wine-pint  may  weigh  18  ounces  troy. 

XIL — Sulhcarbonaie  of  Soda,  {Strictly  Carbonate  of  Soda)j — 
SodcB  Subcarbonas,  P.  L, 

Carbonate  of  soda  is  scarcely  ever  found  free  from  muriate 
and  sulphate  of  soda.  These  may  be  discovered  by  adding, 
to  a  little  of  the  carbonate  saturated  with  pure  nitric  add, 
first  nitrate  of  baryta,  to  detect  sulphuric  acid,  and  afterward 
adding  to  the  filtered  liquor  a  few  drops  of  solution  of  nitrate 
of  silver,  to  ascertain  the  presence  of  muriatic  add;  or  the 
latter  impurity  will  be  indicated  at  once  by  a  solution  of  sul* 
pb^te  of  silver.  Carbonate  of  potassa  will  be  shown  by  a  pi^ 
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cipitate  ensaing  on  the  addition  of  tartaric  acid  to  a  strong 
eolation  of  the  alkali;  for,  this  acid  forms  a  difficultly  soluble 
salt  with  potassa,  but  not  with  soda. 

XIIL — Solution  of  Carbonate  of  Ammonia^ — Liquor  AmfnotwB 
Carbonatisy  P.  L. 

This  should  have  the  specific  gravity  of  1.150;  should 
efTervesce  on  the  addition  of  acids ;  and  should  afford  a  strong 
coaguluni  on  adding  alcohol. 

XIV. — Carbonate  of  Ammonia^ — Ammonia  Carbonasj  P.  //• 

This  salt  should  be  entirely  volatilized  by  heat.  If  any 
thing  remain,  when  it  is  laid  on  a  heated  iron,  carbonate  of 
potassa  or  of  lime  may  be  suspected ;  and  these  impuritiea 
are  most  likely  to  be  present  if  the  carbonate  of  ammonia  be 
purchased  in  the  form  of  a  powder.  It  should  therefore  always 
be  bought  in  solid  lumps.  Sulphuric  and  muriatic  sidts,  lime, 
and  iron»  may  be  discovered  by  adding  to  the  alkali,  saturated 
with  nitric  acid,  the  appropriate  tests  already  often  mentioned. 
It  is  liable  also  to  be  unintentionally  contaminated  with  oily 
or  carbonaceous  matter.     (Edin.  Phil.  Journ.  vii.  SOS,  n.) 

XV. — Solution  of  pure  Ammonia  In  IVater^-^^Liquor 
ylmmonice^  P.  L. — Strong  Spirit  of.  Sal  Ammoniac. 

The  volatile  alkhli,  in  its  purest  state,  exists  as  a  gns  con- 
dcnsible  by  water,  and  its  solution  in  water  is  die  only  form 
under  which  it  is  applicable  to  useful^pnrposes.  This  solntion 
should  contain  nothing  besides  the  volatile  alkali ;  the  alkali 
should  be  perfectly  free  from  carbonic  acid,  and  should  be 
combined  with  water  in  the  greatest  possible  proportion.  The 
presence  of  other  salts  may  be  discovered  by  saturating  a  por- 
tion of  the  solution  with  pure  nitric  acid,  and  adding  the  tests 
for  sulphuric  and  muriatic  acids.  Carbonic  acid  is  shown  by 
a  precipitation  on  mixing  the  solution  with  one  of  muriate  of 
lime ;  for  this  earthy  salt  is  not  precipitated  by  pure  ammonia. 
The  experiment  should  be  made  in  a  closed  vial;  for  the  vo- 
latile alkali^  by  exposure  to  the  air,  quickly  gains  carbonic  acid 
enough  to  be^me  a  precipitant  of  odcareooa  solutions.    The 
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bMt  mode  of  dcUrmiiiiiig  the  aCraigtli  of  the  tolirtkA  k  bj 
tMagiuwpecme  gimvity,  wbicb»  at  WP  Fehraiheh,  iboidd 
be  as  .900,  or  thereabout^  to  IJOOO.  That  of  the  Loadoa 
PbarmacopoBia  (edit.  1815)  has  the  qiecific  gravity  of  ik9eo ; 
and  ii^  therdbre,  rtry  nmeb  short  of  the  fbtt  strength* 


XVI^— Spiri/  ofHarlshom. 

This  may  be  coonterfeited  by  muung  the  09101  < 
puriB  with  the  distilled  spirit  of  bartshom,  in  otdbr  to  increase 
the  pungency  of  its  smell,  and  to  enable  it  to  bear  an  addition 
of  water.  The  fraud  is  detected  by  adding  alcohol  to  the 
sophisticated  spirit;  for,  if  no  considerable  coagulation  ensues, 
the  adulteration  is  proved.  It  may  also  be  discovered  by  the 
usual  effervescence  not  ensuing  with  acids.  The  solution 
should  have  the  specific  gravity  of  1.500. 

TLVll^-Sidphaie  of  Soda^-^SodiB  SiUphaSf  P.  L.^ 
Glaubef^s  SaU. 

This  salt  ought  not  to  contain  an  eaccess  of  either  acid  or 
alkali,  both  of  which  may  be  detected  by  the  proper  tests. 
Nor  should  it  be  mixed  with  earthy  or  metallic  salts,  the 
former  of  which  are  detected  by  carbonate,  and  the  latter  by 
prussiate  of  potassa.  Muriate  of  soda  is  discovered  by  adding 
nitrate  of  baryta  till  the  precipitate  ceases,  and  afterwards 
nitrate  of  silver,  or  more  simply  by  a  solution  of  sulphate  of 
silver.  Sulphate  of  potassa  is  discovered  by  its  more  sparing 
solubility.  The  sulphate  of  soda»  however,  being  itself  one  of 
the  cheapest  salts,  there  is  little  risk  of  its  being  intentionally 
sophisticated. 

XVIIL — Sulphate  of  Potassa^ — PotasstB  Sulphas,  P.  L.— 
rUriolaied  Tartar. 

The  purity  of  this  salt  may  be  asoeitained  by  thd  same 
fneans  as  that  of  the  former  one.  The  little  value  of  this  aak 
renders  it  pretty  secure  from  wilful  adultera^n« 

"      XlX^^Nltrade  of  Potassa^— PotasacB  Nitrus,  P.  L.— 
Nitre  or  Salt  Petre. 

Mitnifte  of|iotaiaa  is»  With  great  diffienityi  frwd  4fttitdy  1^ 
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common  salt ;  and  a  small  portion  of  the  latter,  except  for 
nice  ebemical  purposes,  is  an  admijttttrciof  little  imp^irtaMe. 
To  discover  its  presence,  a  solution  erf*  nitrate  of  silver  must 
be  added  as  long  as  any  sediment  is  prodiackU  The  precipi- 
tate washed  and  driedg  must  be  webbed.  Every  hundied 
grains  will  denote  about  42^  of  common  s^t. 

Sulphate  of  potassa  or  soda  may  be  discovered  by  nitrale  or 
muriate  of  baryta,  and  the  quantiQr  may  be  estimated  from 
the  weight  of  the  precipitate. 

XX^^Muriaie  of  Soda^-^Comnum  Sali. 

Common  salt  is  iKSarcely  ever  found  free  from  srits  wt(h 
earthy  bases,  chiefly  muriates  of  magnesia  and  lime,  which 
are  contained  in  the  brine,  and  adhere  to  the  crystals.  The 
eartlis  may  be  precipitated  by  carbonate  of  iloda,  and  the  pre-* 
cipitated  lime,  and  magnesia  may  be  separated  from  each  othei* 
by  the  rules  given  in  page  5S2« 

XXI^^Muriaie  of  Afimiionia^^-^AmmMiim  Mmims^  Pr£«-^ 
Sal  AmmtmUic. 

This  salt  ought  to  be  entirely  volatilized,  by  a  low  beat, 
when  laid  on  a  heated  iron*  It  sometimes  contains  sulphate 
of  ammonia,  however,  which,  being  also  volatile,  cannot  b^ 
thus  detected.  To  ascertain  the  presence  of  the  latter  salt^ 
add  the  muriate  or  nitrate  of  baryta,  which  will  indicate  the 
sulphate  by  a  copious  and  insoluble  precipitate. 

XXIL'-^Aceiaie  of  Potassa^^^PoiasMR  Aceias^  P*  L. 

Genuine  acetate  of  potassa  ia  petftctly  solaUe  in  tomt  times 
ito  weiglit  of  alcohol,  and  may  thus  be  separailsd  from  other 
salu  that  are  insoluble  in  that  fluid.  The  tartrate  of  polasso 
(soluble  tartar)  is  the  adulteration  awst  Ukdy  ta  be  employed. 
This  may  be  discovered  by  adding  a  sofartion  of  tartaric  acad* 
which,  if  the  suspected  salt  be  present,  will  occasion  a  copkNM 
precipitate.  The  tartrate  is  also  detected  by  its  forming,  with 
acetate  of  lead  or  muriate  of  bnryta,  a  precipitate  sohible  in 
acetic  or  muriatic  acid ;  and  sulphates,  by  a  precipitate  with 
the  mmm  ageBl%  insoluble  in  i 
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XXUL— Neutral  Tartrate  of  Potassa^— Potasses  Tariras, 
P.  L.^Soltilfle  Tartar. 

This  salt  should  afibrd  a  very  copious  precipitate  on  adding 
tartaric  acid.  The  only  salt  likely  to  be  mixed  with  it  is 
sulphate  of  soda,  which  may  be  detected  by  a  precipitate  with 
muriated  baryta,  insoluble  in  diluted  muriatic  acid. 

XXIV. — Bi'tartrate  of  Potassa, — Potassije  Supertartras, 
P.  L. — Cream  of  Tartar. 

The  only  substance  with  which  this  salt  is  likely  to  be  pur- 
posely adulterated  is  sulphate  of  potassa.  To  determine 
whether  this  be  present,  pour,  on  about  half  an  ounce  of  the 
powdered  crystals,  two  or  three  ounce-measures  of  distilled 
water;  shake  the  mixture  frequently,  and  let  it  stand  one  or 
two  hours.  The  sulphate  of  potassa,  being  more  soluble  than 
the  tartrate,  will  be  taken  up ;  and  may  be  known  by  the 
bitter  taste  of  the  solution,  and  by  a  precipitate,  on  adding 
muriate  of  baryta,  which  will  be  insoluble  in  muriatic  acid. 

.Bi-tartrate  of  potassa  frequently,  however,  contains  tartrate 
of  lime.  This  may  be  discovered  by  burning  a  portion  so  as 
to  destroy  tlie  acid ;  washing  off  by  water  the  carbonate  of 
potassa  which  is  formed;  and  then  acting  on  the  residue  with 
diluted  muriatic  acid.  This  dissolves  the  carbonate  of  lime, 
if  any  be  present;  and  oxalate  of  ammonia,  added  to  the  solu- 
tion, precipitates  oxalate  of  lime. 

XXV. — Compound  Tartrate  of  Soda  and  Potassa^ — Soda 
Tartarizata^  P.  L. — Rochelle  or  Seignette^s  Salt. 

^Sulphate  of  soda,  the  only  salt  with  which  this  may  be  ex- 
pected to  be  adulterated,  is  discovered  by  adding  to  a  solution 
of  Rochelle  salt  the  acetate  of  lead  or  muriate  of  baryta. — 
The  former,  if  the  sulphate  be  present,  affi^xls  a  precipitate 
insoluble  in  acetous  add,  and  the  latter  one  insoluble  in  mu* 
riatic  acid. 

%XVI.— Sulphate  of  Magnesia^ — Magnesice  Sulphas^  P.  L. — 
Epsom  Salt. 

This  salt  has  been  adulterated  with  sulphate  of 
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Glauber's  salt,  which  may  be  made  to  resemble  the  magnesian 
salt  in  appearance^  by  stirring  it  briskly  at  the  moment  when 
it  is  about  to  crystallize.  The  fraud  may  be  discovered  very 
readily  if  the  salt  consist  entirely  of  the  sulphate  of  soda, 
because  no  precipitation  will  ensue  on  adding  carbonate  of 
potassot  If  only  a  part  of  the  salt  be  sulphate  of  soda,  detec- 
tion is  not  so  eiasy,  but  may  still  be  accomplished ;  for,  since 
100  parts  of  crystallized  sulphate  of  magnesia  give  between 
35  and  36  of  the  dry  carbonate,  when  completely  decomposed 
by  about  57  of  sub-carbonate  of  potassa,  if  the  salt  under 
examination  afford  a  considerably  less  proportion,  its  sophis- 
tication may  be  fairly  inferred ;  or,  to  discover  the  sulphate  of 
soda^  precipitate  all  the  magnesia  by  pure  ammonia,  with  the 
aid  of  heat.  Decant  the  clear  liquor  from  the  precipitate^ 
filter  it,  and,  after  evaporation  to  dryness,  apply  such  a  heat 
as  will  volatilize  the  sulphate  of  ammonia,  when  that  of  soda 
will  remain  fixed,  and  every  10  grains  of  the  dry  residue  will 
indicate  about  22|  of  crystals. 

Muriate  of  magnesia  or  of  lime  may  be  detected  by  the 
salt  becoming  moist  when  exposed  to  the  air,  and  by  a  pre- 
cipitation with  nitrated  silver,  after  nitrate  of  baryta  has  sepa- 
rated all  the  sulphuric  acid  and  magnesia,  or  by  fumes  of 
muriatic  acid  arising  on  the  addition  of  a  little  sulphuric  acid. 
These,  if  in  very  small  quantity,  will  be  made  apparent  by 
a  stopper  moistened  with  liquor  of  ammonia.  Lime  is  dis- 
coverable by  a  white  precipitate  on  the  addition  of  liquid  car- 
bonate of  ammonia. 

Mr.  Brande  has  sometimes  found  amongst  Epsom  salt  a 
very  considerable  proportion  of  the  triple  sulphate  of  mag- 
nesia and  potassa.  (Manual,  Vol.  i.  p.  599.)  It  may  be  known 
by  its  sparing  solubility,  and  by  the  rhomboidal  shape  of  its 
crystals ;  by  occasioning  a  gritty  sensa.tion  in  the  moutli ;  and 
by  being  less  bitter  than  the  magnesian  sulphate. 

XXVII. — Sulphate  of  Alumina^  i^c^-^Alum. 

Perfectly  pure  alum  should  contain  neither  iron  nor  copper. 
The  former  is  manifested  by  adding,  to  a  solution  of  alum, 
prussiate  of  potassa,  and  the  latter  by  an  excess  of  pure  am- 
monia. 
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Borate  of  soda,  if  aduherated  at  all)  wfll  probably  be  so  with 
alum  or  fiised  common  salt.  To  discorer  thes6,  bonut  must 
be  dissolTed  in  water,  and  its  excess  of  alkali  be  saturated  with 
nitric  acid.  Nitrate  of  baryta,  added  to  this  saturated  solu- 
tion, will  deiect  the  sulphuric  salt^  and  nitrate  ot  silver  the 
common  salt. 

XXDL^SulphaU  oflnm.^Rrri  Sulpha^  P.  L^^Qntn 

Fiiriol. 

It  this  salt  should  contain  copper,  which  is  flie  only  admix- 
ture likely  to  be  found  in  it,  pure  Ammonia,  added  till  a  pre- 
cipitation cease%  will  afford  a  blue  liquor.  Any  copper,  that 
may  chance  to  be  present,  may  be  separated,  and  the  salt  puri- 
fied, by  immersing  in  a  solution  of  it  a  deftr  polished  plate 
of  iron. 

XXX,i^^0k$8  of  Aniimotij/t 

A  large  quantity  of  glass  of  lead  was  lately  introduced  into 
the  London  market,  as  glass  of  arUimorry,  To  discover  this 
criminal  imposition,  whenever  it  may  be  practised,  the  follow- 
ing distinctive  characters  of  the  two  substances  have  been  des- 
cribed by  Mr.  Luke  Howard.* 

Glass  of  antimony  has  a  rich  brown  or  reddish  eolour,  with 
the  usual  transparency  of  coloured  glasses.  The  glass  of  lead 
is  of  a  deeper  and  duller  colour  against  the  light  \  Is  much  lesa 
transparent;  and  even,  in  some  samples,  quite  opaque. 

The  specific  gravity  of  the  true  never  exceeds  4.95 1  that  of 
the  spurious  or  lead  glass  is  6.95 )  or,  in  round  numbers,  their 
comparative  weights  are  as  5  to  7. 

Let  twenty  grains  be  tubbed  fine  in  a  glass  mortar,  adding 
half  an  ounce  of  good  muriatic  acid.  The  true  diasolves  with 
an  hepatic  smell ;  the  solution  is  turbid,  but  has  no  sediment. 
The  spurious  turns  the  acid  yellow,  giving  out  an  odour  of 
chlorine,  and  leaves  much  sediment. 
-****'"-**-**^-' — ..^ ■»»   i.  <  ■  .,     .  . .   t..  .>^ ...^.  J I    .  -"if 

*  Philosophical  Magazine,  ixxv.  SSd. 
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Let  a  little  of  each  solution  be  «e|>8irately  dropped  into  water. 
The  true  deposits  oxide  of  antimony  in  a  copious  white 
coagulum ;  or,  if  the  water  has  been  previously  tinged  with 
sulphuret  of  ammonia,  in  a  fine  orange  precipitate.  The 
spurious  gives  no  precipitate  in  water,  and,  in  the  other  liquid 
one  of  a  dark  brown  or  olive  colour. 

A  solution  of  the  spurious  in  distilled  vinegar  has  a  sweet 
taste,  together  with  the  other  properties  of  acetate  of  lead. 

A  very  small  mixture  of  the  spurious  may  be  detected  by  its 
debasing,  more  or  less,  the  bright  orange  colour  of  the  pre- 
cipitate thrown  down  by  the  sulphuret  of  ammonia  from  the 
solution  in  any  add. 

The  samples  of  the  spurious^  hitherto  detected,  are  of  a 
much  thicker  and  clumsier  cast  than  tlie  genuine;  but  the  ap- 
pearance is  not  to  be  trusted,  and  no  specimen  should  be 
allowed  to  pass  without  a  trial  either  of  the  specific  gravity  or 
chemical  properties. 

XXXI. — Tartarized  Anlimony^ — Antimmium  Tariarizaiuntf 
P.  L.-^Emeiic  Tartar. 

A  solution  of  this  salt  should  afibrd,  with  acetate  of  lead, 
a  precipitate  perfectly  soluble  in  dilute  nitric  acid«  A  few 
drops  of  the  sulphuret  of  ammonia,,  also^  added  to  its  solution, 
should  immediately  precipitate  a  gold  coloured  sulphuret  of 
antimony* 

XXXIL — Muriate    of  Mercury^ — Hydrargj/ri    Oxynuurias^ 
P.  L. — Corrosive  Sublimate. — Bichloride  of  Mercury. 

If  there  be  any  reason  to  suspect  arsenic  in  this  salt,  the 
admixture  (which,  however,  is  not  likely  to  be  practised  ex- 
cept With  the  intention  of  its  acting  as  a  poison  of  even  greater 
virulence)  may  be  discovered  as  follows: -^Dissolve  a  small 
quantity  of  the  sublimate  in  distilled  water ;  add  a  solution  of 
carbonate  of  ammonia  till  the  precipitate  ceases,  and  filter 
the  solution*  If^  on  the  addition  of  a  few  drops  of  ammoniu- 
reted  copper*  to  this  solution,  a  precipitate  of  a  yellowish 
green  colour  is  produced,  the  sublimate  contains  arsenic. 

*  Prepared  by  digestiog  a  little  verdegris  in  the  solution  of  pure  amtnonia. 
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XXXllL-^Submurtaie  of  Mereurffj — Proitxhlariie  of  Mer- 
cury^ — Hydrargyri  SulMnuriaSj  P.  L. — CalomeL 

Calomel  should  be  completely  saturated  with  mercury. 
This  may  be  ascertained  by  boiling,  for  a  few  minutes,  one 
part  of  calomel  with  ^-^d  part  of  muriate  of  ammonia  (sal  am- 
moniac) in  10  parts  of  distilled  water.  When  carbonate  of 
potassa  is  added  to  the  filtered  solution,  no  precipitation  will 
ensue  if  the  calomel  be  pure.  This  preparation,  when  rubbed 
in  an  earthen  mortar  with  pure  ammonia,  should  become  in- 
tensely black,  and  should  exhibit  nothing  of  an  orange  hue. 

XXXIV. — Mercury^  or  Quicksilver^ — Hydrargyrus,  P.  L, 

Scarcely  any  substance  is  so  liable  to  adulteration  as  mer- 
cury, owing  to  the  property  which  it  possesses  of  dissolving 
completely  some  of  the  baser  metals.  This  union  is  so  strong, 
that  they  even  rise  along  with  the  quicksilver  when  distilled. 
The  iropurily  of  mercury  is  generally  indicated  by  its  dull 
aspect;  by  Its  tarnishing  and  becoming  covered  with  a  coat  of 
oxide,  on  long  exposure  to  the  air;  by  its  adhesion  to  the 
surface  of  glass;  and,  when  shaken  with  water  in  a  bottle,  by 
the  speedy  formation  of  a  black  powder.  Lead  and  tin  are 
frequent  impurities,  and  the  mercury  becomes  capable  of 
taking  np  more  of  these  if  zinc  or  bismuth  be  previously  added. 
To  discover  lead,  the  mercury  may  be  agitated  with  a  little 
water,  in  order  to  oxidize  that  metal.  Pour  off  the  water, 
and  digest  the  mercury  with  a  little  acetous  acid.  This  will 
dissolve  the  oxide  of  lead,  which  will  be  indicated  by  a  blackish 
precipitate  with  sulphureted  water.  Or,  to  this  acetous  solu- 
tion, add  a  little  sulphate  of  soda,  which  will  precipitate  sulphate 
of  lead,  containing,  when  dry,  68  per  cent,  of  metaU  If  only  a 
very  minute  quantity  of  lead  be  present,  in  a  large  quantity 
of  mercury^  it  may  be  detected  by  solution  in  nitric  acid  and 
the  addition  of  sulphureted  water.  A  dark  brown  precipitate 
will  ensue,  and  will  subside  if  allowed  to  stand  a  few  days. 
One  part  of  lead  may  thus  be  separated  from  15268  parts  of 
mercury.*  Bismuth  is  detected  by  pouring  a  nitric  aolutioo, 
^  —         ■  ■ I 

*  Accam  on  the  Detection  of  Adulterations,  in  Nicholson's  Joaraal,ito« 
vol.  iv. 
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prepared  without  heat,  into  distilled  water ;  a  white  preci- 
pitate will  iq[>pear  if  this  metal  be  present.  Tin  is  manifested^ 
in  like  manner,  by.  a  weak  solution  of  muriate  of  gold,  which 
throws  down  a  purple  sediment ;  and  zinc,  by  exposing  the 
metal  to  heat. 

XXXV. — Red  Oxide  of  Merairy^ — Hydrargyri  Oxydum 
Rubrum^  P.  L. 

This  substance  is  rarely  found  adulteratetl,  as  it  would  be 
difficult  to  find  a  substance  well  suited  to  this  purpose.  If 
well  prepared,  it  may  be  totally  volatilized  by  heat. 

XXXVI. — Red  Oxide  of  Merairy  by  Nilric  Acidy — Hydrar^ 
gyri  Niirico-Oxydumj  P.  L.-^Red  Precipitate, 

This  is  very  liable  to  adulteration  with  minium,  or  red  lead. 
The  fraud  may  be  discovered  by  digesting  it  in  acetic  acid, 
and  adding  to  the  solution  sulphurcted  water,  or  sulphuret  of 
ammonia,  either  of  which  produces,  with  the  compounds  of 
lead,  a  dirty  dark  coloured  precipitate ;  or  by  adding  sulphate 
of  soda,  which  throws  down  sulphate  of  lead.  This  oxide 
ought  to  be  totally  volatilized  by  heat. 

XXXVII. — White  Oxide  of  Meratryy — Hydrargyrus  Prceci-* 
pitatus  AlbuSy  P.  L. — While  Precipitate. 

White  lead  is  the  most  probable  adulteration  of  this  sub- 
stance;, and  chalk  may  also  be  occasionally  mixed  with  it. 
The  oxide  of  lead  may  be  discovered  as  in  the  last  article ; 
and  chalk,  by  adding  to  the  dilute  solution  a  little  oxalic  acid. 

XXXVIIL— Ifed  Sitlphureted  Oxide  of  Meratryy—Hydrar^ 
gyri  Sulphtaretum  Rabrumy  P.  L, — Factitious  Cimmbar. 

This  substance  is  frequently  adulterated  with  red  lead, 
which  may  be  detected  by  the  foregoing  rules.  Chalk  and 
dragon's  blood  arc  also  sometimes  mixed  with  it.  The  chalk 
is  discovered  by  an  efTervesoence  on  adding  acetic  acid>  and 
by  pouring  oxalic  acid  into  the  acetous  solution.    Dragon's 
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blood  will  be  left  imvolalUijsed  when  the  mlphorei  is  caipoMd 
to  he«r,  md  way  be  detected  by  iu  gifiiig  a  colour  to  rieoholi 
wbe»  the  cinnabar  U  digested  with  it. 

XXXIX.— Black  Sulphureted  Oxide  of  Mercury^^BAhhp'M 

Mineral. 

The  mercury  and  sulphur,  in  this  preparation,  should  be 
so  intimately  combined,  that  no  globules  of  the  metal  can  be 
discovered  by  a  magnifier ;  and  that,  when  rubbed  on  gold, 
no  white  stain  may  be  communicated.  The  admixture  of 
ivory-black  may  be  detected  by  its  not  being  wholly  volatilized 
by  heat ;  or,  by  boiling  with  alkali  to  extract  the  sulphur,  and 
afterwards  exposing  the  residuum  to  heat,  which  ought  entirely 
to  evaporate* 

XL^'-^Yellow  Oxide  or  Sub^sulphateffMercwryy — Hj/drargyrus 
Filriolatus,  P.  L^^TurbUh  Mineral. 

This  preparation  should  be  wholly  evaporable ;  and,*'when 
digested  with  distilled  water,  the  water  ought  not  to  take  up 
any  sulphuric  acid,  which  will  be  discovered  by  muriate  of 
baryta. 

XLI. — Fused  Nitrate  of  Silver, — Argenli  Nilras^  P.  L. — 
Lunar  Caustic. 

The  most  probable  admixture  with  this  substance  is  nitrate 
of  copper,  derived  from  the  employment  of  an  impure  silver. 
In  moderate  proportion  this  is  of  litde  importance.  It  may 
be  ascertained  by  solution  in  water,  and  adding  an  excess  of 
pure  ammonia,  which  will  detect  copper  by  a  deep  blue 
colour. 

Tlie  watery  solution  of  lunar  caustic,  when  mingled  with 
one  of  common  salt,  should  give  a  copious  curdy  precipitate. 

XlAl.^^White  Oxide  ofZtnCp — Zinci  Oxydum^  P.  L.— 
Flowers  of  Zinc. 

Oxide  of  zinc  may  be  adulterated  with  cbalkt  whioh  i«  dis« 
cov^rable  by  an  effervescence  with  acetous  acid,  and  by  tlie 
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pr^jpitation  of  this  solution  with  oxalic  aoid*  Lead  is  dotectad 
by  addingi  to  tb«  acetous  solutioni  sulpburet^  water»  or  »uU 
phuret  of  ammonia.  A^^pici  to  wbi^b  the  activity  of  thif 
medicine  has  been  sometimes  ascribed,  Is  delectedf  also,  by 
sulphurated  water»  added  to  the  acetous  sokition :  but  in  this 
case  the  precipitate  has  a  yellow  colour,  and^  when  laid  oa 
red-hot  charcoal,  gives  fir^C  a  smell  of  sulphur,  and  afterwards 
of  arseific 

XLIII. — IFhite  Carbomie  o/Leadj — Plumli  Qarlonas^  P,  i.— 

IVhite  Lead. 

This  is  flreqnontly  sophisticated  with  chalk ;  the  presence  of 
which  may  be  detected  by  cold  acetous  acid,  and  by  adding, 
to  this  solution,  oxalic  acid.  Carbonate  of  baryta  is  de- 
tected by  sulphate  of  soda  added  to  the  same  solution,  very 
largely  diluted  with  distillecl  water;  and  sulphate  of  baryta^ 
or  sulphate  of  lead,  by  the  insolubility  of  the  cerqsse  in  boil"* 
ing  distilled  vinegar. 

XLIV. — Acetate  of  Lead^-^PlumU  Superacetas,  P.  L. — 
Sugar  oj  Lead. 

If  the  acetate  of  lead  should  be  adulterated  with  acetate  of 
lime  or  of  baryta,  the  former  may  be  detected  by  adding,  to  a 
very  dilute  solution,  the  oxalic  acid ;  and  the  latter  by  sul« 
phuricaoidt  or  solution  of  sulphate  of  soda,  poured  into  a  solu- 
tion very  largely  diluted  with  water.  Acetate  of  lead  ought 
to  dissolve  entirely  in  water,  and  any  thing  that  resists  solu- 
tion  may  be  regarded  as  an  impurity. 

XLV.—Stdf-acetate  of  Copper^ — Mrugo^  P.  L. — Verdegris. 

This  substance  is  scarcely  ever  found  pure,  being  mixed 
with  pieces  of  copper,  grape-stalks,  and  other  impurities. 
The  amount  of  this  admixture  of  insoluble  substances  may 
be  ascertained  by  boilmg  a  portion  of  verdegris  with  12  or  14 
times  its  weight  of  distilled  vinegar,  allowing  the  undissolved 
part  to  settle,  and  ascertaining  its  amount.  Sulphate  of  cop- 
per may  be  cjete^ted  by  boiling  the  verdegris  with  water,  and 
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evaporating  the  solution.  Crystals  of  acetate  of  copper  will 
first  separate,  and,  when  the  solution  has  been  farther  cen- 
centrated,  the  sulphate  of  copper  will  crystallize.  Or,  it  may 
be  discovered  by  adding,  to  the  solution  of  verdegris  in  dis- 
tilled vinegar,  muriate  of  baryta,  which  will  tlirow  down  a  very 
abundant  precipitate.  Tartrate  of  copper,  another  adulteration 
sometimes  met  with,  is  discovered  by  dissolving  a  little  of  the 
verdegris  in  acetic  acid,  and  adding  acetate  or  muriate  of  ba- 
ryta, which  will  afford,  with  the  tartaric  acid,  a  precipitate 
soluble  in  muriatic  acid. 

XLYI.^Crystallixed  Bin^cetate  of  Copper^— Distilled  or 
Crystallized  Verdegris. 

This  is  prepared  by  dissolving  common  verdegris  in  dis- 
tilled vinegar,  and  crystallizing  the  solution.  These  crystals 
should  dissolve  entirely  in  six  times  their  weight  of  boiling 
water,  and  the  solution  should  give  no  precipitation  with  so- 
lutions of  baryta ;  for,  if  these  solutions  throw  down  a  pre- 
cipitate, sulphate  of  copper  is  indicated.  This  impurity  may 
be  discovered  by  evaporating  the  solution  very  low,  and  se- 
parating the  crystals  of  acetate  of  copper.  Farther  evapo- 
ration and  cooling  will  crystallize  the  sulphate,  if  any  be 
present. 

XLVII. — Carbonate  of  Magnesiay-^Common  Magnesia^^^ 
Magnesia  Carbonas^  P*  L. 

Carbonate  of  magnesia  is  most  liable  to  adulteration  with 
chalk ;  and,  as  lime  forms  with  sulphuric  acid  a  very  insoluble 
salt,  and  magnesia  one  very  readily  dissolved,  this  acid  may 
be  employed  in  detecting  the  fraud.  To  a  suspected  portion 
of  magnesia  add  a  little  sulphuric  acid,  diluted  with  eight  or 
ten  times  its  weight  of  water.  If  the  magnesia  should  entirely 
be  taken  up,  and  the  solution  should  remain  transparent,  it 
may  be  pronounced  pure,  but  not  otherwise.  Another  mode 
of  discovering  the  deception  is  as  follows: — Saturate  a  portimi 
of  the  suspected  magnesia  with  muriatic  add,  and  add  a  so- 
lution of  carbonate  of  ammonia.    If  any  lime  be  present^  it 


Digitized  by  VjOOQ IC 


8BCT.  II.  DBTBCTIOK  Of  AOUi«BAAT!01f.  Bdt 

i^ili  km  an  iniolttble  precipitotei  bat  the  mngnetia  will  remain 
in  iolotioii* 

XLVIII.— P«r«  Magn^sht — Magn^sia^  P.  L. — Calcined 
Magnesia. 

.  Calcined  magnesia  may  be  assiQred  by  the  same  tests  as  the 
carbonate.  It  ought  not  to  effervesce  at  all  with  dilute  suU 
pliuric  acid;  and»  if  the  earth  and  acid  be  put  together  into 
one  scale  of  a  balance,  no  diminution  of  weight  should  ensue  on 
infacihg  them  slowly  together.  It  should  be  perfectly  free  from 
taste,  and,  when  digested  with  distilled  water,  the  filtered 
liquor  should  manifest  no  property  of  lime-water.  Calcined 
magnesia,  however,  is  very  seldom  so  pure  as  to  be  totally  dis-^ 
Solved  by  diluted  sulphuric  acid ;  for  a  small  insoluble  residue 
generally  remains,  consisting  chiefly  of  siliceous  earth,  de- 
rived from  the  alkali.  The  solution  in  sulphuric  acid  when 
largely  diluted,  ought  not  to  afford  any  precipitation  with 
oxalate  of  ammonia. 

XhlX.^Spirit  oflVine^  Akoktd^  and  JEihers. 

The  only  decisive  mode  of  ascertaining  the  purity  of  spirit 
of  wine  and  of  aethers,  is  by  determining  their  specific  gravity. 
Highly  rectified  alcohol  should  have  the  specific  gravity  of 
.800  to  1.000;  rectified  spirit  of  wine  .885:  proof  spirit  of  .9901 
sulphuric  stber  .739;  and  as  found  in  the  shops  under  Um 
name  of  m^her  reci^alus  it  ought  not  to  escceed  .750 ;  the 
spiritus  {Blheris  nUricHP.ltM  1815),  or  sweet  spirit  of  nitres 
•834.  The  Kthersi  when  quite  pure,  ought  not  to  redden  the 
colour  of  litmus,  nor  ought  those  formed  from  sulphuric  acid 
to  give  any  precipitation  with  solutions  of  baryta. 

L. — Essential  or  Volatile  Oils. 

As  essential  oils  constitute  only  a  very  small  proportion  of 
the  vegetables  from  which  they  are  obtained,  and  bear  gene- 
rally a  very  high  price,  there  is  a  considerable  temptation  to 
adulterate  them.  They  are  found  sophisticated,  either  with 
cheaper  volatile  oils,  with  fixed  oils,  or  with  spirit  of  wine. 
The  fixed  oils  are  discovered  by  distillation  with  a  very  gentle 
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heatf  which  derates  the  eteeotial  oils,  and  leaves  the  fixed 
ones.  These  last  may,  also,  be  detected  by  moistening  a  litde 
writing-paper  with  the  suspected  oil,  and  holding  it  before  the 
fire.  If  the  oil  be  entirely  essential,  no  stain  will  remain  on 
the  paper.  Alcohol,  also,  detects  the  fixed  oils,  because  it 
only  dissolves  the  essential  ones,  and  the  mixture  becomes 
milky.  The  presence  of  cheaper  essential  oils  is  discovered 
by  the  smell.  Alcohol,  a  much  cheaper  liquid  than  some  of 
the  most  costly  oils,  is  discovered  by  adding  water,  which,  if 
alcohol  be  present,  occasions  a  milkiness.  Vauquelin,  how- 
ever, finds  that  oil  of  bergamot  may  contain  eight  per  cent,  of 
alcohol  of  sp.  gr.  0.817  without  its  being  discoverable  when 
mixed  with  water.  He  has  noticed,  also»  some  other  pheno* 
mena  attending  the  mutual  action  of  those  two  fluids.  (Ann. 
of  Phil.  vol.  xiii.  p.  Ixviii). 

LL— Olive  OU. 

This  oil  is  sometimes  adulterated  with  the  cheaper  oils  oIh 
tained  from  grains  and  seeds.  The  acid  pemitrate  of  mercury 
(prepared  by  dissolving,  in  the  cold,  six  parts  of  mercury  in 
seven  and  a  half  of  nitric  acid,  sp.  gr.  1.S6,  or  thereabouts) 
has  the  property  of  solidifying  or  congealing  in  a  few  hours 
genuine  oil  of  olives ;  while  it  leaves  the  oils  of  grains  almost 
entirely  liquid,  or  at  most  produces  a  precipitate  fi-om  them 
more  or  less  sparingly,  according  to  the  proportions  of  oik 
that  may  be  mixed  together.  Eight  parts  of  pemitrate  are 
sufficient  to  congeal  92  parts  of  pure  olive  oiL  Mixtures  of 
the  g^uine  oil  with  cheaper  oils  exhibit  only  a  slow  and  par- 
tial coagulation.  One-third  of  oil  of  grains  is  sufficient  to  pre- 
vent the  mixture  firom  solidifying.  (Ann.  de  Chimie  et  de 
Phys.  xii.  58)* 
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SECTION  IIL 

Application  of  Chemical  Tests  to  the  Uses  of  the  Farmer  and 
Country  Gentleman. 

The  benefits  that  might  be  derived  from  the  union  of  che- 
mical skill  with  the  extensive  observation  of  agricultural  facts, 
are»  perhaps,  incalculable.  At  present,  however,  the  state  of 
knowledge  among  farmers  is  not  such  as  to  enable  them  to 
reap  much  advantage  from  chemical  experiments;  and  the 
chemist  has,  himself,  scarcely  ever  opportunities  of  applying 
his  knowledge  to  practical  purposes  in  this  way.  It  may 
perhaps,  however,  be  of  use,  to  ofier  a  few  brief  directions  for 
the  analysis  of  marls,  lime-stones,  &c. 

Art.  I. — Lime. 

It  is  impossible  to  lay  down  any  general  rules  respecting 
the  fitness  of  lime  for  the  purposes  of  agriculture ;  because 
much  must  depend  on  the  peculiarities  of  soil,  exposure,  and 
other  circumstances.  Hence  a  species  of  lime  may  be  cx*- 
tremely  well  adapted  for  one  kind  of  land,  and  not  for  another. 
All  that  can  be  accomplished  by  chemical  means  is  to  ascer- 
tain the  degree  of  purity  of  the  lime,  and  to  infer,  from  this,  to 
what  kind  of  soil  it  is  best  adapted.  Ill  us  a  lime,  which  con« 
tains  much  argillaceous  earth,  is  better  adapted  than  a  purer 
one  to  dry  and  gravelly  soils ;  and  stiff  clayey  lands  require  a 
lime  as  free  as  possible  from  the  argillaceous  ingredient. 

To  determine  the  purity  of  lime,  let  a  given  weight  be  dis- 
solved in  diluted  muriatic  acid.  Let  a  little  excess  of  acid  be 
added,  that  no  portion  may  remain  undissolved  owing  to  the 
deficiency  of  tlie  solvent.  .Dilute  with  distilled  water ;  let  the 
insoluble  part,  if  any,  subside^  and  the  clear  liquor  be  decanted. 
Wash  the  sediment  with  farther  portions  of  water,  and  pour 
it  upon  a  filter,  previously  weighed.  Dry  the  filter  and  ascer- 
tain its  increase  of  weight,  which  will  indicate  how  much  inso- 
luble matter  the  quantity  of  lime  submitted  to  experiment 
contained.  It  is  easy  to  judge  by  the  external  qualities  of  the 
insoluble  portion,  whether  argillaceous  earth  abounds  in  its 
composition. 
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There  is  one  earth,  however,  lately  found  in  several  lime- 
stones, which  is  highly  injurious  to  the  vegetation  of  plants, 
abd  is  not  discoverable  by  the  foregoing  process*  being,  equally 
with  lime,  soluble  in  muriatic  acid.  This  earth  is  magnesia, 
which,  by  direct  experiments,  has  been  ascertained  to  be 
-extremely  iloxious  to  plants.  The  late  Mn  Tennant^  to 
ivhom  we  owe  this  fact,  was  informed,  that  in  the  neighboni^ 
hood  of  Doncaster  two  kinds  of  lime  were  employed,  one  of 
which  it  was  necessary  to  use  very  sparingly,  and  to  spread 
very  evenly ;  for  it  was  said,  that  a  large  proportion,  instead 
of  increasing,  diminished  the  fertility  of  the  soil ;  and  that, 
whenever  a  heap  of  it  was  left  in  one  spot,  all  fertility  was 
prevented  for  many  years.  Fifty  or  sixty  bushels  on  an  acre 
were  considered  to  be  as  much  as  could  be  used  with  advan- 
tage. The  other  sort  of  lime,  which  was  obtained  from  a 
village  near  Ferrybridge,  though  considerably  dearer,  from  the 
distant  carriage,  was  more  frequently  employed,  on  account  of 
its  superior  utility.  A  large  quantity  was  never  found  to  be 
injurious ;  and  the  spots  which  were  covered  with  it,  instead 
of  being  rendered  barren,  became  remarkably  fertile.  On  ex- 
amining the  composition  of  these  two  species  of  lime,  the 
fertilizing  one  proved  to  consist  entirely  of  calcareous  earth, 
and  the  noxious  one  of  three  parts  lime  and  two  magnesia. 

The  presence  of  magnesia  in  lime  proved,  on  farther  invea* 
tigation^  to  be  a  very  common  occurrence*  The  magnesian 
lime-stone  appears  to  extend  for  SO  or  40  miles  from  a  little 
south-west  of  Worksop,  in  Nottinghamshire,  to  near  Ferry- 
bridge, in  Yorkshire,  and  it  has  also  been  found  at  Breedon, 
and  Matlock^  in  Derbyshire,  and  in  various  other  parts  of 
England;* 

The  magnesian  lime>stone,  according  to  Mr.  Tennant, 
may  easily  be  distinguished  from  that  which  is  purely  calca- 
reous, by  the  slowness  of  its  solution  in  acids,  which  is  so  con- 
siderable, that  even  the  softest  kind  of  the  former  is  much 
longer  in  dissolving  than  marble;  it  has  also  frequently  a  crys- 
tallized structure ;  and  sometimes,  though  not  always^  snu^ 
black  dots  may  be  seen  dispersed  through  it.     In  the  conn- 

•  Sec  PhiUips'8  Geology  of  England  and  Wales,  page  80. 
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tries  where  this  lime-stone  is  found,  the  lime  is  generally  dis- 
tinguished, from  its  effects  in  agriculture,  by  the  &rmers,  as 
hot  lime,  in  opposition  to  ih^  purely  calcareous,  which  they 
terni  mild. 

To  ascertain,  by  chemical  meansy  the  composition  of  a 
lime  or  lime-stone  suspected  to  contain  magnesia,  the  follow* 
ing  is  the  easiest,  thougl)  pot  the  most  accurate,  process, 
Procure  ^  Florence  flask,  clean  it  well  from  oil  by  a  little 
spap-leffi  or  salt  of  tartar  and  quicklime  mixed,  and  break  it 
off,  about  the  middle  of  the  body,  by  setting  fire  to  a  string 
tied  round  it  and  moistened  with  oil  of  turpentine.  Into  the 
bottom  part  of  this  flask  put  100  grains  of  the  limeorlime^ 
stooe,  and  pour  on  it,  by  degrees^  half  an  ounc^  of  strong 
sulphuric  acid.  On  each  affusion  of  acid  a  violent  efferyes* 
cence  will  ensue;  when  this  ceases,  stir  the  acid  and  lime 
together  with  a  small  glass  tube,  or  rod,  and  place  the  flask 
in  an  iron  pan,  filled  with  sand.  Set  it  oyer  the  fire,  and 
continue  the  beat  till  the  mass  is  quite  dry.  Scrape  off  the 
dry  mass,  weigh  it,  and  put  it  into  a  wine  glass,  which  may 
be  filled  up  with  water.  Stir  the  mixture,  and  when  it  has 
stood  half  an  hour,  pour  the  whole  on  a  filtering-paper,  placed 
qn  a  funnel,  and  previously  weighed.  Wash  tlie  insoluble 
part  with  water,  as  it  lies  on  the  filter,  and  add  the  washings 
to  the  filtered  liquor.  Tp  this  liquor  add  a  solution  of  half  an 
ounce  of  salt  of  tartar  in  water,  when,  if  magnesia  be  present} 
a  very  copious  white  sediment  will  ensue;  if  lime  only, 
merely  a  slight  milkiness.  In  the  former  case,  heat  the  liquor 
by  setting  it  in  a  tea-cup  near  the  fire;  let  the  sediment  sub«> 
pide;  pour  off  the  clear  liquor,  which  may  be  thrown  away, 
and  wash  the  white  powder  repeatedly  with  warm  water* 
Then  pour  it  on  a  filter  of  paper,  the  weight  of  which  ip 
known,  dry  it,  and  weigh.  The  result,  if  the  lime-stcHie  has 
been  submitted  to  experiment,  shows  how  much  carbonate  of 
magnesia  was  contained  in  the  original  stone,  or,  deducting 
W  per  ceni.9  how  much  pure  magnesia  100  parts  of  the  lime- 
stone contained.  If  the  burnt  lime  has  been  used,  deduct 
from  the  weight  of  the  precipitate  60  per  cent,  and  the  re>- 
mainder  will  give  the  weight  of  the  magnesia  in  each  100 
grains  of  the  burnt  lime. 
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Art.  IL-^Analysts  of  Marls. 

The  ingredient  of  marls,  on  which  their  fitness  for  agri- 
cultaral  purposes  depends,  is  the  carbonate  of  lime«  It  b 
owing  to  the  presence  of  this  earth  that  marls  effervesce  on 
the  addition  of  acids,  which  is  one  of  their  distinguishing 
characters.  In  ascertaining  whether  an  effervescence  takes 
place,  let  the  marl  be  put  into  a  glass,  partly  filled  with 
water,  which  will  expel  a  portion  of  air  contained  mechani- 
cally in  the  marl,  and  thus  obviate  one  source  of  fallacy. 
When  the  marl  is  thoroughly  penetrated  by  the  water,  add  a 
little  muriatic  acid,  or  spirit  of  salt.  If  a  discharge  of  air 
should  ensue,  the  marly  nature  of  the  earth  is  sufficiently 
established. 

To  find  the  composition  of  a  marl,  pour  a  few  ounces  of 
diluted  muriatic  acid  into  a  Florence  flask,  place  them  in  a 
scale,  and  let  them  be  balanced.  Then  reduce  a  few  ounces 
of  dry  marl  into  powder,  and  let  this  powder  be  carefully  and 
gradually  thrown  into  the  flask,  until,  after  repeated  additions, 
no  farther  effervescenct  is  perceived.  Let  the  remainder  of 
the  powdered  marl  be  weighed,  by  which  the  quantity  pro- 
jected will  be  known.  Let  the  balance  be  then  restored. 
The  difference  of  weight  between  the  quantity  projected  and 
that  requisite  to  restore  the  balance,  will  show  the  weight  of 
air  lost  during  effervescence.  If  the  loss  amount  to  1 S  per  cent. 
of  the  quantity  of  marl  projected,  or  from  15  to  S2  per  cent.^  the 
marl  assayed  is  calcareous  marl,  or  marl  rich  in  calcareous 
earth. 

Clayey  marls,  or  those  in  which  the  argillaceous  ingredient 
prevails,  lose  only  8  or  10  per  cent,  of  their  weight  by  this 
treatment,  and  sandy  marls  about  the  same  proportion.  The 
presence  of  much  argillaceous  earth  may  be  judged  by  drying 
the  marl,  after  being  washed  with  spirit  of  salt,  when  it  will 
banlen  and  form  a  brick. 

To  determine,  with  still  greater  precision,  the  quantity  of 
calcareous  earth  in  a  marl,  let  the  solution  in  muriatic  acid  be 
filtered,  and  mixed  with  a  solution  of  carbonate  of  potassa, 
till  no  farther  precipitation  appears.  Let  the  sediment  sub- 
side^  wash  it  well  with  water,   lay  it  on  a  filter,  previously 
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weighed,  and  dry  it.  The  weight  of  the  dry  mass  will  show 
how  much  carbonate  of  lime  the  quantity  of  marl  submitted 
to  experiment  contained. 

Art.  llh-^jinaltfsis  of  Soils. 

Instructions  respecting  the  analysis  of  soils,  adapted  to  po- 
pular use,  may  be  found  in  Sir  H.  Davy's  Elements  of  Agri- 
cultural Chemistry.  Their  length  only  prevents  me  from  in- 
serting them  in  this  place ;  but  this  is  of  the  less  importance, 
as  they  form  part  of  a  work  which  ought  to  be  in  the  hands  of 
all  persons,  who  attempt  to  practise  agriculture  on  fixed  and 
scientific  principles. 
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0QN9I8TINO  OF 

VARIOUS   USEFUL  TABLES. 


CORRBSPONDBNCB   BBTWSBN   BNGLI8H   AND   FOREIGN 
WBIGHT8  AMD   MBASURBS.* 


I.r-'Englisk  ff^ghis  and  Measures. 
Troy  Weight. 

Pound.       Ounces.     Drms.     Scruples.      Grains.  Onunmes. 

•       1      s      13   e  96  a   288   a   6T60  =   378.96 
1   =5     8   a:     £4  s     480  =     81.08 
1   =s       8  =       60  =       3.885 
1   ^       20  s       1.296 

1   =       0.06475 

AvoirdupoU  Weight* 

Pound.       Oancci.    Drms.         Gnint.  Onmnicf. 

1      s     16  s  256  »  7000.  s  45S.25 

1   s     16  «=?     487.5  s     28.828 

1  =       27.34875  «       1.7705 

Measureg. 

Gal.           Pints.    Ounces.      Dims.  Cub.  Incb.  Litres. 

1     s     8  sp   128  F«   1024  ^  231.           m  3.79515 

1   s     10  s:     128  =     28.875     ^  0.47398 

1   =         8  =:=       1.8047  =»  0.08967 

1  ^       0.2256  s  0.00396 

N.  B. — The  English  ale-gallon  contnins  282  cubical  inches ; 

*  For  the  iop»t  oonplete  and  aulbeDtic  account  of  the  corresponcltnct 
between  English  and  foreiffk  weights  and  meaiures,  the  reader  is  referred 
to  the  last  edition  of  Dr.  Kelly's  Universat  Cambist. 
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or  rather,  according  to  the  report  of  the  Commisttoners  ap- 
pointed to  consider  the  subject  of  weights  and  measaresy 
277.3  cubic  inches,  the  cubic  inch  being  found  to  weigh 
252.72  parliamentary  grains  of  water  at  62^.  Hence  the  weight 
ofone  gallon  of  water  at  62^  Faht.  is  10  pounds  avoirdupois. 
(Quarterly  Journal,  xi.  S78.)  The  wine  pint  is  equivalent  to 
7272  grains  troy  of  water  at  62''  Foht.  or  28.875  cubical 
inches. 

II. — German. 

71  lbs.  or  grs.  English  troy  • .  •  •  =  74  lbs.  or  grs,  German 

apothecaries  weight. 
1  oz.  Nuremberg,  medic,  weight  =  7  dr.  2  sc  9gr.  English. 

1  mark  Cologne    ••• s  7oz.2 dwt. 4 gr. En^^ish 

troy. 

lll.—Duich.      ^ 

i  lb.  Dutch  =  1  lb.  3  oz.  16  dwt  7  gn  English  troy. 
787i  lbs.  Dutch  =:  1038  lbs.  English  troy. 

IV. — Swedish  Weights  and  Measures,  used  by  Bergman  and 

Scheele. 

The  Swedish  pound,  which  is.  divided  like  the  English 
apothecary,  or  troy,  pound,  wdghs  6S5S  grs.  troy. 

The  kantie  of  pure  water,  according  to  Bergman^  weighs 
42250  Swedish .  grains,  and  occupies  100  Swedish  cubical 
inches.  Il^nce  the  kanneof  pure  water  weighs  48088.719444 
English  troy  grains,  or  is  equal  to  189.9413  English  cubic 
inches ;  and  the  Swedish  longitudinal  inch  is  equal  to  1.238435 
English  longitudinal  indies. 

From  these  data,  tlie  following  rules  are  deduced : 

1.  To  reduce  Swedish  longitudinal  inches  to  English,  mul- 
tiply by  1.2884,  or  divide  by  0.80747. 

2.  To  reduce  Swedish  to  English  cubical  inches,  multiply 
by  1.9,  or  divide  by  0.5265. 

5.  To  reduce  the  Swedish  pound,  ounce,  dram,  scruple  or 
grain,  to  the  corresponding  English  troy  denomination,  mul- 
tiply by  1.1382>  or  divide  by  .8786. 
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4.  To  reduce  the  Swedish  kannes  to  English  wine  pints, 
multiply  by  .15f  OSOTy  or  divide  by  6.57805. 

5.  To  reduce  Swedish  kannes  to  English  wine  gallons,  snul* 
tiply  by  .82225,  or  divide  by  1.216. 

6.  The  lod,  a  weight  sometimes  used  by  Bei^gman,  is  the 
S2d  part  of  the  common  Swedish  pound  of  16  os.  and  the 
24th  part  of  the  pound  of  12oz.  Therefore  to  reduce  it  to 
the  English  troy  pound,  multiply  by  .03557,  or  divide  by 
28.1156. 

V. — Correspondence  of  English  Weights  and  Measures  wilh 
those  used  in  France  previously  to  1795. 

§   1.— WEIGHTS. 

The  Paris  pound,  poids  de  nutrc  of  Charlemagne,  contains 
9216  Paris  grains;  it  is  divided  into  16  ounces,  each  ounce 
into  8  gros,  and  each  gros  into  72  grains.  It  is  equal  to  7561 
English  troy  grains. 

The  English  troy  pound  of  12  ounces  contains  5760  Eng- 
lish troy  grains,  and  is  equal  to  7021  Paris  grains. 

The  English  avoirdupois  pound  of  16  ounces  contains 
7000  English  troy  grains,  and  is  equal  to  8532.5  Paris  grains. 
To  reduce  Paris  grains  to  English  troy  grains,  "X 

divide  by    ••••••••( 

To  reduce  English  troy  grains  to  Paris  grains,  r****^^ 

multiply  by J 

To  reduce  Paris  ounces  to  English  troy,  divide  * 

by 

To  reduce  English  troy  ounces  to  Paris,  mul- 

t'P'yby 

Or  the  conversion  may  be  made  by  means  of  the  following 

tables : 

I.— To  reduce  French  to  English  Troy  fFeighi. 

The  Paris  pound  s  7561.        '^ 

The  ounce  s  472.5625  f 

The  gros  =  59.0708  f  English  troy  grains. 

The  grain  =5  .8204  J 


Digitized  by  VjOOQIC 


>  1.015734 


tot  Mnmpn* 

fi.~r0  reAiM  Ei^liih  Troy  to  Paris  Wl^ii. 

Tbe  English  troy  ppusd  of  IS  7  _  JQil. 

ounces • •  •  5  "^ 

Thetroyonnce =*     585.08SS 

The  dram  of  60  grmns  ......     «       TS.1S54  i  p^j^  ^^^^^ 

The  penny-weight  or  denier \  _  29.2541 

of  M  gnuns J  "" 

The  sorupk  of  30  grains . « . ,  m  84.S784 

The  grain =         1.2189^ 

S—To  reduce  English  Avoirdupois  io  Paris  Wetght. 

The  avoirdiipoif  pound  of  16\  ^  g^gg         "I        . 

ounces^  or  7000  troy  grains/  >  Paris  grs. 

The  ounce » * .  •  •      =     5SS.6260  J 

I  II. — u>NG  AND  CUBICAI.  MSASUB^d. 

To  reduce  Paris  running  feet,  or  inches,  into^ 

English,  multiply  by \^j^^^^^ 

English  rpnning  feet,  or  inches,  into  Paris,  | 

divide  by » J 

To  reduce  Paris  cubic  feet,  or  inches,  to  En.'^ 

glish,  multiply  by    f 

English    cubic    feet,    or    inches,    to    Paris,  p-^"*7S 

divide  by J 

Or  by  jpeans  of  the  following  tables : 

4.-^ro  reduce  Paris  Lqng  Measure  to  English* 

The  French  toise  s  6.3945  English  feet. 
The  Parlsroyalfootof  IS  inches  b  12.7077^ 

The  inch »    1.0664 

The  line,  or  l-12th  of  an  inch  s      .0888 
The  1-1  «th  of  a  line.*. =      .0074  J 

5. — To  reduce  English  Long  Measure  to  French. 

The  English  foot   =  11.2596'] 

The  inch   =       .9388  | 

The  1-8  th  of  an  inch    »       .1173  >Paris  inches. 

The  1-lOth    «=       .0938  [ 

The  1.13th    .,.•.»  =       .0782J 
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6. — To  reduce  French  Cube  Measure  to  English. 

The  cubic  inch      =   •00070oJ  feet,  or  C  1.211S78 J 

7. — To  reduce  English  Cube  Measure  to  French.* 

The  English  cube  foot,  or\  _  , -^^  -^^.'^ 

172S  cubical  inches      /  "  ^*^^-**^^*  i  French  cubical 

The  cubical  inch    =  .8260  [       inches. 

The  cube  tenth =  .0008^ 

§    III. — MEASURE  OP   CAPACITY. 

The  Paris  pint  contains  SS.USf  English  eubical  inches, 
and  the  English  wine  pint  contains  28.875  cubical  inches;  or 
the  Paris  pint  contains  2.017  l082,English  pints,  and  the  En- 
glish pint  contains  .49617  Paris  pints;  faence^ 

To  reduce  the  Paris  pint  to  the  English  ^ 
multiplyby I    ooi7io82 

To  reduce  the  English  pint  to  the  Paris,  f  ^•"^^iobj 
diyide  by J 

The  septier  of  Paris  is  7736  French,  or  9370.45  English, 
cubical  inches;  and  the  muid  is  92832  French,  or  112445.4 
English  cubical  inches. 

*  To  convert  the  weight  of  a  French  cubic  foot,  of  anj  particnlar  sub- 
stance,  given  in  French  grains,  into  the  corresponding  weight  of  an  English 
cubic  foot  in  English  troy  grains,  multiplj  the  French  grains  bj  0,6773181, 
and  the  product  is  the  number  of  English  troy  grains  contained  in  an  En- 
gUsh  cubic  foot  of  the  same  substance. 

t  It  is  said  by  Belidor,  Archit.  Hydraul.  to  contain  81  oz.  64  grs.  of 
water,  which  makes  it  68.075  English  inches;  but,  as  there  is  considerable 
uncertainty  in  the  determinations  of  the  weight  of  the  French  cubical  mea- 
sure of  water,  owing  to  the  uncertainty  of  the  standards  made  use  of,  it  is 
better  to  abide  by  Mr.  Everard  s  measure,  which  was  made  by  the.E&ch^- 
quer  standards,  and  by  the  proportions  of  the  English  and  Frebch  foot,  as 
established  by  the  French  Academy  and  Royal  Society. 

According  to  Beanm^,  the  Paris  pint  contains  89  French  ounces  of  wateTp 
at  the  temperature  of  54^.5  Fahrenheit ;  which  would  make  it  equal  to 
59.799  English  cubical  inches* 


Digitized  by  VjOOQIC 


606 


APPSMDIZ. 


Table  showing  the  Comparison  between  French  and  English 
Grains,    (Poid  de  Marc.) 


French  gn.<* 

English  gr». 

English  grs.  « 

r  French  grs. 

*  1 

0.8203 

1 

1.2189 

2 

1.6407 

2 

2.4378 

3 

2.4611 

3 

8.6568 

4 

3.2815 

4 

4.8757 

5 

4.1019 

5 

6.0947 

6 

4.9223 

6 

7^136 

7 

5.7427 

7 

8.5S25 

8 

6.5631 

8 

9.7515 

9 

7.3835 

9 

10.9704 

10 

8.203 

10 

12.189 

20 

16.407 

20 

24.378 

SO 

24.611 

SO 

36.568 

40 

32.815 

40 

48.757 

50 

41.019 

50 

60.947 

60 

49.223 

60 

73.136 

70 

57.427 

70 

85.325 

80 

65.631 

80 

97.515 

90 

73.835 

90 

109.704 

100 

82.03 

100 

1210)9 

200 

164.07 

200 

243.78 

SOO 

246.11 

SOO 

365.68 

400 

328.15 

400 

487.57 

500 

410.19 

500 

609.47 

€00 

492.23 

600 

731.36 

700 

574.27 

700 

853.25 

800 

656.31 

800 

975.15 

900 

738.35 

900 

1097.04 

1000 

820.3 

1000 

1218.9 

2000 

1640.7 

2000 

2437.8 

SOOO 

2461.1 

SOOO 

3656.8 

4000 

3281.5 

4000 

4875.7 

5000 

4101.9 

5000 

6094.7 

6000 

4922.3 

6000 

7313.6 

7000 

6742.7 

7000 

6532.5 

8000 

6563.1 

8000 

9751.5 

9000 

7383.5 

9000 

10970.4 

•  10,000 

8203.0 

10,000 

12189.0 

*  Per  Farey  (Nicholson's  Jonroal,  xxii.  S38),  1  grain  French 
*     *'  "^     10,000  ditto  "  8804  ditto. 


0.8  W4 
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Table  showing  the  Comparison  between  French  and  English 
Cubical  IncheSf  the  latter  being  equivalent  to  252.75  grains  of 
water  at  62°  Faht.    {See  p.  602.) 


Cubic  Inches. 

Cubic  Inches, 

French,  »  English 

English,  -  French. 

1 

1.2136 

1 

0.8239 

2 

2.4272 

2 

1.6479 

3 

3.6408 

3 

2.4719 

4 

4.8544 

4 

3.2958 

5 

6.0681 

5 

4.1198 

6 

7.2817 

6 

4.9438 

7 

8.4953 

7 

5.7677 

8 

9.7089 

8 

6.5917 

9 

10.9225 

9 

7.4157 

10 

12.186 

10 

8.239 

20 

24.272 

20 

16.479 

SO 

36.408 

30 

24.719 

40 

48.544 

40 

32.958 

50 

60.681 

50 

41.198 

60 

72.817 

60 

49.438 

70 

84.953 

70 

57.677 

80 

97.089 

80 

65.917 

90 

109.225 

90 

74.157 

100 

121.36 

100 

82.39 

200 

242.72 

200 

164.79 

SOO 

364.08 

300 

247.19 

400 

485.44 

400 

329.58 

500 

606.81 

500 

411.98 

600 

728.17 

600 

494.38 

700 

849.53 

700 

576.77 

800 

970.89 

800 

659.17 

900 

1092.25 

900 

741.57 

1000 

1213.6 

1000 

823.9 

2000 

2427.2 

2000 

1647.9 

3000 

3640.8 

3000 

2471.9 

4000 

4854.4 

4000 

3295.8 

5000 

6068.1 

5000 

4119.8 

6000 

7281.7 

6000 

4943.8 

7000 

8495.3 

7000 

5767.7 

8000 

9708.9 

8000 

6591.7 

9000 

10922.5 

9000 

7415.7 

10,000 

12136.0 

10,000 

8239.0 
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10 
109 
£18 
156 


9.7 
1 

10-2 
6 


English. 
ToiM.  Hop.  Wiil«.G.  Pints. 


New  Frem:h  Weights  and  Meanres  {cakalmUi  hf 

Dr.  Dmum^JMn.) 
1. — Measures  of  Length;  the  Metre  being  at  9Pj 
and  the  Foot  at  62^. 
Engtish  indies. 
=  .03937 

=  .S9371 

=  3.93710 

=  89.37100         MiLFnr.      Y^.  Feet.  In. 

=  393.71000  =00 

s  8937.10000  —  Q  0 
=  39371.00000  =04 
=  393710.00000  =     6     1 

2. — Measures  of  Capadty. 
Cubic  inches. 
=  .06108 

=  .61028 

=  6.10280 

=  61.02800  s:     0 

=r  610.28000  =  0 
=  6102.80000  =3  0 
^  610228.00000  =3  1 
=  610280.00000  =3   10 

3. — Measures  ofWeighL 
English  Grains. 
Milligramme       <■  .0154 

Centigramme       =  .1544 

Decigramme       =  1.5444 

Gramme  =  15.4440 

Decagramme  =  154.4402 
Hecatogramme  =  1544.4023 
Kilogramme  -  15444.0234 
Myriogramme     =  154440.2344 

*  Detennioed  hy  Captain  Kater  to  be  39.3T079  inches.  (Phil.  Trans. 
1818,  p.  1090  In  the  Report  of  the  Commissioners  appointed  to  consider 
the  sul^ect  of  Weights  and  Measures,  the  length  of  a  pendulnm,  supposed 
to  tibrate  seconds  in  London^  on  the  level  of  the  sea,  at  ^9P  Fahrenheit,  Is 
30.1398  inches.    (Quart.  Jounic  ?i..  918^  -    - 


Millimetre 

Centimetre 

Decimetre 

Metre* 

Decametre 

Hecatometre 

Kilometre 

Mjriometre 


Millilitre 

Centilitre 

Decilitre 

Litre 

Decalitre 

Hecatolitre 

KUolitre. 

Myriolitre 


0 
0 
0 
0 

1 


0. 

2. 
26.419 
12.19 
58.9 


2.1 1S3 
5.1352 


Avoirdupois. 

Poun. 

Oun. 

Dram. 

0 

0 

S.65 

0 

8 

8.5 

2 

3 

5 

22 

1 

2 
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Specific  Gravities  of  Solid  afid  Liquid  Subiiances,^ 


GEMS. 

Diamond,  white  ori- 
ental 

Topaz,  oriental 

Sapphire,  oriental.  • . 

Garnet,  Bohemian  . . 

Beryl,  oriental 

Hyacinth,  common . . 

Emerald,  from  Peru. 

Crj^solithe,  from  Bra- 
sil 

Amethyst,  oriental  . . 

Ruby,  oriental ..... 

STONKSi  &c. 

Ponderous  spar.  ... 
Porphyry 


Specific 
Grav. 


3.5212 
4.0106 
3.9941 
4.1888 
3.5489 
3.6873 
2.7755 

2.6923 

2.601 

4.2833 


4.4300 
2.7651 


Specific 

STONES,  &C. 

Grav. 

Jasper  brown 

2.6911 

Granite,  Egyptian. . . 

2.6541 

Rock-crystal 

2.6530 

Chalcedony,  bright  • . 

2.6640 

Carrara  marble 

2.7168 

Alabaster,  oriental. . . 

2.7302 

Carnelian 

2.6137 

Slate,    common,    for 

roofs  •••••.•••*•. 

2.8535 

Flint 

2.55)41 

Agate,  oriental 

2.5901 

Portland-stone 

2.533 

Serpentine,  green,  Ita- 

lian   

2.4296 

Opal,  noble 

2.144 

Pumice-stone 

0.9145 

SALTS. 


Potassa 

Lime 

Magnesia .  •  • 

Alumina 

Baryta 

Sulphate  of  potassa . 
■  —  alumina 


>  zinc .... 
iron  •  •  •  • 
copper . 


Nitrate  of  potassa,  •  •  • 
Muriate  of  soda.  • .  • 

Acetote  of  lead 

Supertart.  of  potassa 
Sub-borate  ol  soda  • 
Carbonate  of  potassa 
■     ■    soda . . . 


-ammonia 


fratz. 


1.7085 
1.5233 
0.3460 
0.8200 
2.3740 
2.4073 
1.7109 
1.9120 
1.8399 
2.1943 
1.9369 
2.2001 
2.3450 
1.9153 
1.7230 
2.0120 
1.3591 
0.9660 


Kirwan. 


4.6215 
2.3908 
2.3298 
2.0000 
4.0000 
2.636 


2.23 
1.933 


1.421 
1.8245 


Maschen- 
broeck. 


2.3700 


2.398 
1.7260 
1.9 
1.88 

1.901 

2X)835 

2.8053 

1.8745 

1.7170 

2.749 

1.5026 


Newton. 


1.714 
1.7ie 


1.900 
2.143 


1.714 


*  For  the  specific  gravities  of  the  metals,  see  Tfible  ot  tbo  Qualities  of 
Metalsy  near  the  close  of  this  Appendix. 
VOL.  llf  2  R 
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APPBKDIX. 


TaUe  of  Specific  Grauities  of  Solid  ami  Liqmd 
Suhiances. — Ondhmed. 


2.7S25 
2.8922 

2.4882 
S^203 
2^847 


GLASSES  AHD  VITRIPI- 
CATIOHS. 

Green  bottle^Iass.  • . 
French  crystal-glass. . 
French  mirror-^lass, 
from  St.  Gobin  • . . 
English  flint  ^ass .  • . 
Cbioa porcelain  •••• 

INFLAMMABLES. 

Roll-sulphnr 1.9907 

Phospboms 1.714 

Pit-coal 1.3292 

Amber 1.0780 

Heaviest  charcoal..  •  •  0.441 
Mineral  naphtha ....  0.708 

Camphor 0.9887 

Liquid  ammonia  . .  •  •  0.8970 

WATERS. 

Distilled  water.,. 

Sjea  water 

Water  from  the  As- 
phaltic  Sea.... 


ACIDS. 

Sulphuric  acid  ofcom- 
merce 

Sulphuric  acid,  real  • . 

Nitric  acid 

Murmtic  acid 

Concentrated  acetic 
acid 


SPIRITUOUS  LIQUIDS. 

Madeira  wine 

Cyder 

Brown  beer 

Burgundy  wine 

Champagne  wine . . . , 


Sprciic 
Grav. 


1.0000 
1.0265 

1.2403 


1.8500 
2.1250 
1.5800 
1.1940 

1.0626 


1.0882 
1.0181 
1.0338 
0.9915 
0.962 


SPIRITUOUS  LIQUIDa. 

Brandy 

Alcohol* 

Nitric  ether 

Acetic  ether 

Sulphuric  etherf  •  • . . 
Muriatic  ether 


ETHEREAL  OILS. 

Oil  of  cinnamon  . .  • . 

Oil  of  cloves. 

Oil  of  lavender.  • . .  • . 
Spirit  of  turpentine  • . 

FAT  OILS. 

Linseed  oil 

Poppy  oil 

;  Oil  of  sweet  almonds. 
Olive  oil 


ANIMAL   FLUIDS. 


Asses'  milk  • . 
Cows'  milk. .  • 
Human  milk  • 
Human  urine. 


ANIMAL   FATS,   &C. 

SpermaoetL 

Butter 

Tallow 

Mutton  suet 

Train  oil 

Hogs'  lard 

Ivory 

Bees'  wax 


GUMS. 

Common  gum 


SprciSc 
GniT. 


0.8371 
0.8293 
0.9088 
0.8664 
0.7396 
0.7296 


1.0439 
1.0363 
0.8938 
a8697 


0.9403 
0.9288 
0.9170 
0.9153 


1.03.55 
1.0324 
1.0203 
1.0106 


0.9433 

0.9423 

0.9419 

0.9235 

0.9235 

0.9568 

1.825 

0.9648 


1.4817 


«  Per  Cbaussi«r  0.7980. 


t  Per  Lovitz  0.639a 
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Table  of  Specific  Gravities  of  Solid  and  Liqtiid 
SubslonceSf-^Continued, 


GUMS. 

Gum  Arabic 

Gum  tragacantli  . . . 

GUM    RESINS. 

Assafcetida 

Scammonium,  from 

Smyrna 

Galbanum 


RESINS. 


Guaiacum. 

Jalap 

Ammoniacum  . .  •  • 

Benzoe 

Sandarac 

White  resin 

Colophony 

Mastich. .'. 

Copal)  transparent 
Elastic  resin. ..... 


INSPISSATED  JUICES. 

Aloe  succoirina 

Opium 


Specific 
Gravity. 


1.4523 
1.3161 


1.3275 

1.2743 
1.2120 


1.2289 
1.2185 
1.2071 
1.0924 
1.0920 
1.0819 
1.04il 
1.0742 
1.0452 
0.9335 


1.3795 
1.3366 


WOODS. 

Lignum  guaiacum.  • 
Box  wood,  Dutch.  • 
French  box  wood. . . 

Ebony  

Heart  of  old  oak. . . 

Mahogany 

Olive  tree 

Mulberry  tree^   Spa 

nish 

Beech  tree 

Yew  tree,  Spanish . . . 

Apple  tree 

Plum  tree 

Maple  tree. 

Cherry  tree 

Quince  tree 

Orange  tree ...... 

Walnut  tree 

Pear  iree 

Cypress,  Spanish. . 

Pme  tree 

White  Spanish  poplar 

tree 

Cork 


Specific 
Grav. 


1.3330 

1.3280 

0.912 

1.2090 

1.1700 

1.063 

0.9270 

0.8970 
0.8520 
0.8070 
0.7930 
0.7850 
0.7550 
0.7150 
0.7050 
0.7050 
0.6710 
0.6610 
0.6440 
0.5500 

0.5294 
0.2400 


2  n  S 
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Table  for  reducing  the  Degrees  of  B^aum*s  Hydrometer  to  the 
Common  Standard. 

Beaum's  Hydrometer  for  Liquids  lighter  than  Water. 

Tempentnre  55^  Fahrenheit,  or  10°  ] 


Peg. 

10. ... 

n..., 

12.... 
IS... 


Sp.  Gr. 

1.000 
.990 
.985 
.9/7 
.970 
.963 

.9^9 


Deg. 

Sp.Gr. 

Deg. 

Sp.  Or. 

18.., 

.    .9t2 

26.. 

..    .892 

19.., 

.    .935 

27.. 

..    .886 

^0.. 

.    .928 

28  . . , 

.    .880 

21.. 

.    .922 

29 . . , 

.    .874 

22.., 

.    .915 

SO.. 

..    .867 

23.. 

..    .909 

31.. 

..    .861 

24.. 

. .    .903 

32.. 

.    .856 

25.. 

.    .897 

33.. 

..    .852 

ntf. 

Sp.Gr. 

S4 

.847 

35  .... 

.842 

7j\3  .... 

.837 

37 ... . 

.832 

3o  .... 

.827 

39 ... . 

.822 

40.... 

.817 

B^aum's  Hydrometer  for  Liquids  heavier  than  Water. 

Temperature  55^  Falirenbeif,  or  10^  Reaumur. 


Dej. 

Sp-Gr. 

0.. . 

.  1.000 

.5  .  ■  . 

.1.020 

6... 

.1.040 

S7  «  .  « 

.  1.06i 

12... 

.  1U)89 

15... 

.IJH 

18... 

.1.140 

21... 

24.., 

27.., 

30.. 

33  . . . 

36... 

99  •  •  I 


Sp.  Gr. 
.1.170 
.  1.200 
.1.230 
.1.261 
.1.295 
.  1.333 
.  1.873 


42., 
45.. 
48.. 
51. 


Sp.Gr. 

1.414 
,  1.455 

1.500 
,1.547 


54. ...1.594 

57 1.659 

60....  1.717 


Deg.  Rp.  Or. 

63....  1.779 
66  ... .  1.848 
69....  1.920 
72 ... .  2.000 


.\DMEASUR£MENT  AND  EFFECTS   OF  HEAT. 


1. — Correspondence  between  different  Thermometers. 

Fahrenheit's  thermometer  is  universally  used  in  this 
kingdom.  In  this  instrument  the  range  between  the  freezing 
and  boiling  points  of  water  is  divided  into  180^;  and  as  the 
greatest  possible  degree  of  cold  was  supposed  to  be  that  pro- 
duced by  mixing  snow  and  muriate  of  soda,  it  was  made  the 
zero.  Hence  the  freezing  point  became  32%  and  the  boiling 
point  212^ 
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The  Centigrade  thermometer  places  the  zero  at  the  freezing 
point,  and  divides  the  range  between  it  and  the  boiling  point 
into  100^.  This  has  long  been  used  in  Sweden  under  the 
title  of  Celsius's  thermometer. 

Reaumur's  thermometer,  which  was  formerly  used  in  France, 
divides  the  space  between  the  freezing  and  boiling  of  water 
into  80^9  and  places  the  zero  at  the  freezing  point. 

Wedgwood's  pyrometer  is  only  intended  to  measure  ^ery 
high  temperatures.  Its  zero  corresponds  with  1077°  of  Fah- 
renheit's, and  each  degree  of  Wedgwood  is  equal  to  ISO*  of 
Fahrenheit. 

De  Lisle's  thermometer  is  used  in  Russia.  The  graduation 
begins  at  the  boiling  point,  and  increases  towards  the  freezing 
point.  The  boiling  point  is  tnarked  0,  and  the  freezing 
point  150^ 

Therefore  180°  F.  =  100°  C.  =  80°  R.  =  150°  D.=  i|W. 

1.  To  reduce  centigrade  degrees  to  those  of  Fahrenheit, 
multiply  by  9  and  divide  by  5^  and  to  the  quotient  add  32, 

that  is,^'^  ^  +  32  =5  F,    Another  rule  is  given  vol.  i.  p.  160, 
note. 

2.  To  reduce  Fahrenheit's  degrees  to  centigrade,-^ — 

=  C. 

3.  To  reduce  Reaumur's  to  Fahrenheit's,  we  have  the  fol- 

R    X  9 

lowing  formula,  ~ h  32  =  F. 

4.  To  convert  Fahrenheit  to  Reaumur,— ^—^ =  R. 

5.  To  reduce  De  Lisle's  degrees  under  the  boiling  point,  we 
have  F.  =  212 —-.    To  reduce  those  above  the  boiling 

point,  F.  =  212  +  ^^^. 

6.  And,  inversely,  to  reduce  Fahrenheit's  degrees  to  De 
Lisle's^  under  the  boiling  point, ^ — -*  =  D.;  above  theboiU 

•    .    F.  x5~IOfiO        ^ 

ing  pomt, jj =  D. 

7.  To  reduce  Wedgwood's  degrees  to  those  of  Fahrenheit, 

we  have  W.  x  130  + 1077  =  F. 

F  —  1077 

8.  Inversely,  to  reduce  Fahrenheit  to  Wedgwood, -^i^— 
=  W. 
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TABU  OP  THE  BFFECTS  OV  SBAT. 


Talle  of  Ike  principal  Effects  of  Heat. 

!• — Freezing  Points  of  Liquids. 
Fahrenheit. 

55  Strongest  nitric  acid  freezes  (Cavendish) 

46  ^tber  and  liquid  ammonia 

45.5  Nitric  acid,  speciBc  gravity,  1.424 

45  Sulphuric  acid,  specific  gravity,  1.6415 
89  Mercury 

96  Sulphuric  acid  (Thomson) 

80  Nitric  acid,  specific  gravity,  1.407 

Acetous  acid 

11  2  alcohol,  1  water 

7  Brandy 

1  Strongest  sulphuric  acid  (Cavendish) 

4  Common  salt  1  part,  water  8  parts 

7  Common  salt  1,  water  4 

8  Sal  ammoniac  1,  water  4 
16  Oil  of  turpentine  (Macquer) 
SO  Strong  wmes 
23  Fluoric  acid 

Oils  bergamot  and  cinnamon 
25       Human  olood 

Vinegar 
80       Milk 

Water 
36       Olive  oil 
42       Sulphuric  acid,  specific  gravity,  1.741 

46  Sulphuric  acid,  specific  gravity,  1.78  (Keir) 
50       Strong  acetic  acid 
64       Oil  of  aniseeds,  50  (Thomson) 


^--Melting  Points  of  Solids. 

40  Eaual  parts  of  sulphur  and  phosphorus 

82  Aiiipocire  of  muscle 

97  Lard  (Nicholson) 

PO  Phosphorus 

104  Resin  of  bile 

1 0.9  Myrtle  wax  ( Cadet) 

Stearin  from  liog's  lard 

)  1 2  Spermaceti  ( Bostock ) 

127  Tftllow  (Nicholson)  92  (Thomson) 

119  Bees'  wax 

145  Ambergris  (La  Grange) 

150  Potassium 

155  Bleached  wax  (Nicholson) 
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Nina 

Wedf. 

lUO 

212 

218 

234 

235 

283 

303 

334 

442 

460 

476 

612 

680 

809 

3809 

21 

4587 

27 

4717 

22 

5237 

32 

17977 

130 

20577 

150 

21097 

13* 

21637 

158 

21877 

160 

23177 

+  170 

96 
126 
140 
145 
170 
176 
212 
219 
225 
230 
242 
248 
283 
316 
540 
554 
570 
590 
600 


Sodium 

Bittmuth  5  parts,  tin  3,  lead  2 
Sulphur  (Dr.  Thomson) 
Sulphur  (Hope)  212  (Fourc.)  185  (Kirw.) 
Adipocire  of  biliary  calculi  (Fourcroy) 
Tin  and  bismuth,  equal  parts 
Camphor 

Tin  3,  lead  2,  or  tin  2,  bismuth  1 
Tin  (Chrichton)  413  (Irvine) 
Tin  1,  lead  4 
Bismuth  (Irvine) 

Lead  (Chrichton)  594  (Irv.)  540  (Newton) 
Zinc  (Davy)  698  (Brogniart) 
Antimony 
Brass 
Copper 
Silver 
Gold 
Cobalt 
Nickel 
Soil  nails 
Iron 

Manganese 

Phitinuro,  tungsten,  molybdena,  uranium, 
titanium,  &c. 

3. — Solids  and  Liquids  volatilized. 

Ether  boils 

Bisulphuret  of  carbon  boils 

Liquid  ammonia  boils 

Camphor  sublimes  (Venturi) 

Sulphur  evaporates  (Kirwan) 

Alcohol  boils,  174  (Black)  173  (sp.gr.  800) 

Water  and  most  essential  oils  boil 

Phosphorus  distils  (Pelletier) 

Water  saturated  with  common  salt  boils 

Muriate  of  lime  boils  (Dalton) 

Nitrous  acid  boils 

Nitric  acid  boils 

White  arsenic  sublimes 

Oil  of  turpentine  boils  (Ure) 

Metallic  arsenic  sublimes 

Phosphorus  boils 

Sulphur  boils 

Sulphuric  acid  boils  (Dniton)  546  (Black) 

Linseed  oil  boils,  sulphur  sublimes  (Davy) 
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Fkhren. 

660 


Wedg 


-  90 

-  50 

-  28 

-  14 

0 

+  43 

59 

66 

75 

77 

80 

88 

96 

107 

122 

105 

303 

635 

800 

802 

1050 

1207 

1 

1337 

+  2 

1857 

6 

^897 

1> 

6277 

40 

8487 

57 

10177 

70 

122.57 

86 

13297 

9* 

14337 

lOii 

14727 

105 

15637 

112 

15897 

114 

16007 

121 

16807 

124 

17327 

125 

20577 

ISO 

25127 

185 

Mercury  boils  (Dalton)  644  (Secondat) 
600  (Black)  672  (Irv.)  656  (Petit  &  Dulong) 

4. — Miscellaneous  Effects  of  Heat. 

Greatest  cold  produced  by  Mr.  Walker 

Natural  cold  observed  at  Hudson's  Bay 

Observed'  on  the  surface  of  the  snow  at  Glas- 
gow, 1780 

At  Glasgow,  1780 

Equal,  parts,  snow  and  salt  (or  3,  or  even  7j 
below  0°) 

Phosphorus  burns  slowly 

Vinous  fermentation  begins 

to  135,  Animal  putrefaction 

to  80,  Summer  heat  in  this  climate 

Vinous  fermentation  rapid,  acetous  begins 

Phosphorus  burns  in  oxygen,  104  (Gottling) 

Acetification  censes 

to  100,  Animal  temperature 

Feverish  heat 

Phosphorus  burns   vividly   (Fourcroy)  148 
(Tnomson) 

Alnumen  coagulates,  156  (Black) 

Sulphur  burns  slowly 

Lowest  heat  of  ignition  of  iron  in  the  dark 

Hydrogen  burns,  1000  (Thomson) 

Charcoal  burns  (Thomson) 

Iron  red  in  twilight 

Iron  red  in  day  light 

Azotic  gas  burns 

Enamel  colours  burned 

Diamond  burns  (M'Keozie)  30  W.  =  5000  F. 
(Morveau) 

Delft  ware  fired 

Working  heat  of  plate  glass 

Flint  glass  furnace 

Cream-coloured  ware  fired 

-Worcester  china  vitrified 

Stone  ware  fired 

Chelsea  china  fired 

Derby  china  fired 

Flint  glass  furnace  greatest  heat 

Bow  china  vitrified 

Plate  glass  greatest  heat 

Smith  s  forge 

Hessian  crucible  fused 

Greatest  heat  observed 
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Elaslicily  of  Aqueous  Vapour  beloiv  32^  according  io  Ballon. 


," 

5^ 

40° 

0.013 

•30 

0.020 

6 

•20 

0.030 

7 

•10 

0.043 

8 

0 

0.064 

9 

1 

0.066 

10 

2 

0.068 

11 

3 

0.071 

12 

♦ 

0074. 

n 

f 


0.076 
0.079 
0.082 
0.085 
0.087 
0.090 
0.093 
0.096 
0.100 


14« 

15 

16 

17 

18 

19 

20 

21 

22 


0.104 
0.108 
0.112 
0.1J6 
0.120 
0.124 
0.129 
0.134 
O.I  39 


23° 

24 

25 

26 

27 

28 

29 

SO 

31 


0.144 
0.150 
0.156 
0.162 
0.168 
0.174 
0.180 
0.186 
0.193 


Table  of  the  Force  of  Aqueous  Vapour  above  32*^  Fahrenheit. 

(Pro in  Dr.  Thomson*!  Chemistry,  6th  edition,  {.  61. )• 


Force  of  rapoar  In  Inchei  of  mrreafj. 

Force  of  f  aposr  la  Inches  of  neicuy* 

Tempo* 

Tempo- 

rataie. 

Robboo.   DaUon. 

Ufr. 

BootWrn 

rmture. 

SoMtlien. 

320 

0.0 

0.200 

0.200 

0.10 

56» 

0.458 

33 

0.207 

57 

0.174 

34 

0.214 

.58 

0.490 

35 

0.221 

59 

0507 

36 

0.229 

60 

0.35 

a524 

0.516 

37 

0.237 

61 

0542 

38 

0.21.5 

62 

0.560 

052 

39 

0.254 

63 

0.578 

40 

0.1 

0.263 

0.250 

6V 

0.597 

41 

0.273 

65 

0.616 

0.630 

42 

0.283 

0.23 

66 

0.635 

43 

0.294 

67 

0.655 

44 

0.305 

68 

0.676 

45 

0.316 

69 

0.698 

46 

0.328 

70 

0.55 

0  721 

0.726 

47 

0.339 

71 

0.745 

48 

0.351 

72 

0.770 

0.7S 

49 

0.363 

73 

0.796 

50 

0.2 

0.375 

0.360 

7* 

0.823 

51 

0.388 

75 

0.851 

0.860 

52 

0.401 

0.35 

76 

0.880 

53 

0.415 

77 

0.910 

54 

0.429 

78 

0.940 

55 

0.443 

0.416 

79 

0.971 

ft  A  Table  for  practical  use  is  tfiven  by  Mr.  Philip  Taylor^  Phil.  Mag.  Ix.  459. 
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Table  continued. 


Ftoet  of  vapMU  lalndMi  otwertuj. 

Paic««r  npMrblMinar  awcaiy. 

Tmv 

Te»p.. 

nttttt. 

0.82 

DlllOT. 

Vn. 

■Mtknm. 

ntfi*. 

RiMmJ  ItaMoa. 

Vir. 

80* 

IJOO 

1.010 

128"' 

4.11 

81 

1.04 

129 

4.22 

82 

im 

1.02 

130 

3.915 

4.34 

4366 

83 

1.10 

131 

4.47 

84 

1.14 

132 

4.60 

4.71 

85 

1.17 

1.170 

183 

4.73 

86 

1.21 

1S4 

4.86 

87 

1.24 

135 

5.00 

5.070 

88 

1.28 

136 

5.14 

89 

1.32 

137 

5.29 

90 

1.18 

1.86 

1.360 

138 

5.44 

91 

1.40 

139 

5.59 

92 

1.44 

1.42 

140 

5.15 

5,74 

5.770 

93 

1.48 

141 

5.90 

9* 

1.53 

142 

6j0t5 

6.10 

95 

1.58 

1.640 

143 

6.21 

96 

1.63 

144 

6.37 

97 

1.68 

145 

6.53 

6.600 

98 

1.74 

* 

146 

6.70 

99 

1.80 

147 

6.87 

100 

1.6 

1.86 

1.860 

148 

7.05 

.101 

1.92 

149 

7.23 

102 

1.98 

1.96 

150 

6.72 

7.42 

7.530 

103 

2.04 

151 

7.61 

104 

2.11 

152 

7.81 

7.90 

105 

2.18 

2.100 

153 

8.01 

106 

2.25 

154 

8.20 

107 

2.32 

155 

8.40 

8.500 

108 

2.39 

156 

8.60 

109 

249 

157 

8.81 

110 

2.25 

2.53 

2.456 

158 

9,02 

111 

2.60 

159 

9.24 

112 

2.68 

2.66 

160 

8.65 

9.46 

9.600 

113 

2.76 

161 

9.68 

114 

2.84 

162 

9.91 

10X5 

115 

2.92 

2^10 

163 

10.15 

116 

300 

164 

10.41 

117 

3.08 

165 

10.68 

10.800 

118 

3.16 

166 

10.96 

119 

3.25 

167 

11.25 

120 

3.0 

3.33 

3.300 

168 

11.54 

121 

3.42 

169 

11.83 

122 

3J» 

3.58 

170 

11.05 

12.13 

12X>50 

123 

3.59 

171 

12,43 

124 

3.69 

172 

12.73 

1S.72 

125 

3.79 

3.830 

173 

13.02 

126 

3.89 

174 

13.32 

127 

4.00  1 

175 

13.62 

13.550 

BBAT. 
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Table  contmud. 

Pmm  •rnrow  ■■  iMka  af  ■Hmuj.  1 

PorM  or  vapa«r  la  tacWi  €#  HMBHy. 

VfMpf 

If 

rmpe. 

nlam 

lUMna. 

DalCM. 

Ure. 

--^ 

nitHfv. 

llohlMM. 

DaltM.        Ui«b 

BOVlMffB* 

176° 

13.92 

221 .6« 

56.700 

177 

14.52 

222 

86.25 

178 

14.52 

223 

36.88 

179 

14.83 

224 

37.53 

180 

14.05 

15.15 

15.160 

225 

38.20 

39.110 

181 

15.50 

226 

38.89 

182 

15.86 

16/)1 

2263 

10.100 

18S 

16.23 

227 

39.59 

184 

16.61 

228 

40.30 

185 

17.00 

16.900 

229 

41.02 

186 

17.40 

280 
230-5 

44.5 

41.75 

43.100 

187 

17.80 

43.500 

188 

18.20 

231 

42.49 

189 

18^ 

232 

43.24 

190 

17.85 

19.00 

19.000 

233 

44.00 

191 

19.42 

234 

44.78 

192 

19.86 

20.04 

234,5 

46.800 

193 

20.32 

235 

45.58 

47.220 

194 

20.77 

236 

46.39 

105 

21.22 

21.100 

237 

47.20 

196 

21.68 

238 

48J02 

197 

22,13 

2385 

50.30 

198 

22.69 

239 

48.84 

199 

23.16 

240 

54.9 

49.67 

51.70 

200 

22.62 

23.64 

23.600 

242 

53.60 

201 

2412 

245 

53.88 

56.34 

202 

24.61 

24  61 

248.5 

60.40 

203 

25.10 

250 

ee:^ 

58.21 

61iK) 

60.00 

204 

25.61 

255 

62-85 

67.25 

205 

26.13 

25.900 

260 

80.3 

67.73 

72.30 

206 

26.66 

265 

7'W6 

78.04 

207 

27.20 

270 

94.1 

77A5 

86.30 

208 

27.74 

275 

83.13 

93.48 

209 

28.29 

280 

105.9 

88.75 

101.90 

210 

28.65 

28.84 

28.880 

285 

94.35 

211 

29.41 

285.2 

112.20 

212 

3000 

30.000 

30.00 

290 

100.12 

120.15 

213 

30.60 

293.4 

120,00 

214 

31.21 

295 

105  97 

129.00 

215 

31.83 

300 

111.81 

139.70 

216 

32.46 

305 

117.68 

150.56 

216.C 

i 

33.40 

310 

123.53 

161.30 

217 

33.09 

312 

166.25 

218 

33.72 

320 

135.00 

219 

34.35 

330 

220    35.8 

34.99 

35.54C 

) 

340 

221 

35.63 

^ 

1343.6 

24000 
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Table  of  the  Elastic  Forces  of  the  Vapours  of  Alcohol^  Oil  of 
Turpentine^  and  Petroleum  or  Naphtha^  in  inches  of  Mercury, 
By  Dr.  Ure.  (Phil.  Trans.  1818.) 


Alcolwl(9.(r. 
0.818.) 

Alcohol  (ipedfiegnvitj 
0.818.) 

Peiroleom. 

Temp. 

Force  of  Va- 
pour 

Temp. 

Force  of 
Va|ioar. 

Temp. 

Foraeof 
Vtpour. 

82 

0.40° 

193.3^ 

46.60^ 

316'' 

30.00^ 

40 

0..56 

196.3 

50.10 

320 

31.70 

45 

0.70 

200 

53.00 

325 

84.00 

50 

0.86 

206 

.      60.10 

330 

36.40 

55 

1.00 

210 

65.00 

335 

38.90 

60 

1.28 

214 

69.30 

340 

41.60 

65 

1.49 

216 

72.20 

345 

44.10 

70 

1.76 

220 

78.50 

350 

46.86 

75 

2.10 

225 

87.50 

355 

50.20 

80 

2.45 

230 

94.10 

360 

53.30 

85 

2.98 

232 

97.10 

365 

56.90 

'  90 

8.40 

236 

103.60 

370 

60.70 

95 

8.90 

238 

106.90 

1     372 

61.90 

100 

4.50' 
5.20 

240 
244 

111.24 
118.20 

375 

64.00 

105 

Oil  of  Tomciitine. 

110 
115 

fi  00 

247 
248 
249.7 

122.10 
126.10 
131.40 

• 

7.10 
8.10 

1      Temp. 

Force. 

120 

304° 

30.00** 

125 

1>.25 

250 

132.30 

307.6 

32.60 

ISO 

10.60 

252 

138.60 

310 

33.50 

185 

12.15 

254.3 

143.70 

315 

35.20 

140 

13.90 

258.6 

151.60 

320 

37.06 

145 

15.95 

260 

155.20 

,     322 

37.80 

ISO 

18.00 

262 

161.40 

326 

40.20 

155 

20.30 

264 

166.10 

380 

42.10 

160 

22.60 

336 

45.00 

165 

25.40 

340 

47.30 

170 

28.30 

343 

49.40 

173 

30.00 

347 

51.70 

178.3 

33.50 

350 

53.80 

180 

34.73 

i     354 

56.60 

182.3 

36.40 

'     357 

58.70 

185.8 

39.90 

360 

60.80 

190 

43.20 

362 

62.40 
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Table  of  ih0  Expansion  of  Jir  and  other  Gases  {suppo$ed  dry) 
by  HeaL     By  Mr.  Dalton.* 


FRhreo. 

Fbbreo. 

Pabren. 

858  .••.  1000 

59  ....  1064 

86 

....  1123 

S3  1002 

60  ....  1066 

87 

....  1125 

3^ lOOi 

61  ....  1069 

88 

....  1128 

35  1007 

62  ....  1071 

89 

1130 

36  ....  1009 

63  ....  1073 

90 

....  1132 

37  •.-.  1012 

64  ....  1075 

91 

1184 

38  ....  1015 

65    ....   1077 

92 

1136 

39  ..••  1018 

66  ....  1080 

93 

1138 

40  ..  .  1021 

67  ....  1082 

94 

....  1140 

41  ....  1023 

68  ....  1084 

95 

....  1142 

42  ....  1025 

69  ....  1087 

96 

....  1144 

43  1027 

70 1089 

97 

....  1146 

44  ....  1030 

71  105^1 

98 

1148 

45  ..-.  1032 

72  1093 

99 

....  1150 

46  1034 

73  1095 

100 

1152 

47  ....  1036 

74  1097 

110 

....  1173 

48 1038 

75  ....  1099 

120 

1194 

49  ....  1040 

76  ....  1101 

130 

....  1215 

50  1043 

77  ....  1104 

HO 

1235 

51  1045 

78  ....  1106 

150 

....  1255 

52  ...•  1047 

79  ....  1108 

160 

....  1275 

53  ....  1050 

80  ....  1110 

170 

....  1295 

54  ....  1052 

81  ....  1112 

180 

....  1315 

55    ....  1055 

82  ....  1114 

190 

....  1334 

5^    1057 

83  ....  1116 

200 

. .  , .  1354 

57  ....  1059 

84  ....  1118 

210 

....  1372 

58  1062 

85  1121 

212 

1376 

*  The  numbers  in  the  Table  are  deriTecl  from  the  results  of  Mr.  Dalton*f 
own  expenmeotfiy  which  give  l-483d  part  for  the  expansion  of  air  hj  each 
degree  of  Faht.  between  SS^  and  SIS^.  Gay  Lussac  found  that  100  volumes 
at  39^  become  ^375  at  917?  Faht.  which  gires  l-480th  for  each  degree  of 
Faht.  (Annalee  Ue  Ckiimie,  xliii.  170.)  The  same  law  he  afterwards  . 
ascertained  to  extend  to  condensible  vapours^  when  excluded  from  contact 
with  the  liquids  which  afforded  them. 
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Table  ofUie  Expansion  of  Liqtdds  front  32®  lo  212%  their  bulk 
at  S2®  being  supposed  1  • 


UqttMs. 


Muriatic  acid  (sp.  gr.  1.137) 
Nitric  acid  (sn.  gr.  K40)  .. . 
Sulphuric  acid  (sp.  gr.  1.85) 

Alcohol  

Water 

Water  saturated  with  com-  j 

nion  salt / 

Sulphuric  ether 

Fixed  oils   

Oil  of  turpentine 

Mercury . . .  .^ 

Ditto .' 

Ditto   

Ditto   , •   ••• 

Ditto   

Ditto  

Ditto    


AvtborMy. 


Dalton 
Ditto  . . 
Ditto . . 
Ditto  . . 
Ditto  . . 

Diuo  • . 


Ditto 

Ditto 

Ditto 

Ditto 

Ld«  C.  CavendisI) 
Shuckburgh,  &c. 

Gen.  Roy 

Haellstroem  .... 

Lalande 

Petit  and  Dulong 


]>iUtatkMi 
In  Oednialf. 


0.06000 
0.11000 
0.06000 
0.11000 
0.04600 

OJ05O0O 


0.07000 
0.08000 
0.07(XX) 
0.02000 
0.01872 
0X)1852 
0.01680 
0.01758 
0.01500 
O.Ol80180)Tr 


DilaL  ia 
f  alg.  fnc 


tV 

tV 


Dr.  Youngs  Table  of  the  Expansion  of  Water  from  the  Expe- 
riments of  Gilpin  and  Kir  wan. 
N  B.   Denoting  a  degree  of  Fahrenheit's  Thermometer,  by./; 
the  expansion  of  water,  reckoning  either  way  from  +  39%  is  nearly 
represented  by  0000022/* -X)000000043S/'. 

Obtenred  expsmion.  CalcuhiAed. 
.00020 .00018 

....  .00012 00011 

\ 00006 00005 

00000 .00000 

.00006 00005 

.00018 .00018 

.00022 .(XX)22 

.000*9 .00048 

.  ..  .00086 .00084 

.00133 .00130 

.00188 00186 

'.'.....  -00251 -00251 

..  .00321 00326 

.00491 .00513 

.00692 .00720 

.00760 .00763 

.01258 .01264 

....  .01833 4)1859 

.02481 .02512 

.03198 .03219 

.04005 .0396! 

.04333 .04322 


Temp. 
30  G. 
82  G. 
34  G. 

39  G. 
44  G. 
48  G. 

40  G. 
54  G. 
59  G. 
64  G. 
69  G. 
74  G. 
79  G. 
90  G. 

100  G. 
102  G. 
122  G. 
142  G. 
162  G. 
182  G. 
202  G. 
212  O. 
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Table  hy  De  LuC)  exhibiting  the  Degrees  marked  upon  Ther^ 
mometersjilled  with  different  Liquids  at  the  same  Tempera^- 
ture, 

N.  B.  To  comprehend  the  meaning  of  this  Table,  it  must  be 
understood  that  different  thermometers  (each  filled  with  the 
particular  fluid  marked  at  the  tops  oFthe  columns,  and  each 
being  divided  into  80  equal  parts  between  the  freezing  and  boil- 
ing water  points),  are  placed  witli  tlieir  bulbs  in  the  same 
vessel  full  of  water,  and  that  the  water  is  gradually  heated. 
Then  when  the  mercurial  thermometer  is  at  5S^10^  M^  &c. 
the  surfaces  of  the  fluids  in  the  other  thermometers  will  be 
found  at  the  degrees  which  stand  on  tlie  same  levels.  For 
instance,  when  the  mercurial  thermometer  stands  at  40%  the 
water  tliei-mometer  will  be  found  at  80.5^ ;  the  spirit  thermo- 
meter at  35.1^;  the  oil  thermometer  at  39.2%  &c. 


Mercury. 


80.^ 

75 

70 

65 

60 

65 

50 

45 

40 

35 

30 

25 

20 

15 

10 

5 

0 

-  5 

-10 


Ottreoil. 


80.° 
74.6 
69.4 
64.4 
59.:» 
54.2 
49.2 
44.0 
39.2 
34.2 
29.3 
24.S 
19.3 
14.4 
9.5 
4.7 
0.0 


EflWOtMl 

oil  of 
ciwioomile. 


Euentiftl  tXi 
of  tbymc. 


Akobol  capA-  Wsler  sata- 
blo  of  firing  ;  rated  with 
gunpowder. 


80.° 
74.7 
69.5 
64.3 
59.1 
53.9 
48.8 
43.6 
38.6 
33.6 
*8.7 
23.8 
18.9 
14.1 
9.3 
4.6 
0.0 


80.° 
74.3 
68.8 
63.5 
58.3 
53.3 
48.3 
43.4 
38.4 
33.5 
28.6 
23.8 
19.0 
14.2 
9.4 
4.7 
0.0 


80.° 

80." 

7S.8 

74.1 

67.8 

68.4 

61.9 

62.6 

56.2 

57.1 

50.7 

51.7 

45.8 

46.6 

40,8 

41.2 

S5.1 

36.3 

SO.S 

31. 3 

25.6 

26.5 

21.0 

21.9 

16.5 

17.3 

12.2 

12.8 

7.9 

8.4 

3.9 

4.2 

0.0 

0.0 

-  S.9 

-  4.1 

■  7.7 

-  8.0 

Water. 


80.° 

71.0 

62.0 

53.5 

45.8 

38.5 

32.0 

26.1 

20.5 

15.9 

11.2 

7.3 

4.1 

1.6 

0.2 

0.4 

0.0 
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APPENDIX. 


Table  of  the  Erpansion  of  Solids  by  HeaL 

N.  B.  The  linear  expanaion  bj  being  heated  from  32<»  to  212* 
Fabt.  is  here  to  be  understood.  The  expansion  in  volume  may  be 
learned  by  multiplying  the  decimal  quantities  by  three,  or  dividing 
the  denominators  of  the  vulgar  fractions  by  three. 


SabstBMCcs  tried. 


Antbtfritf. 


Dilatatioa 

InDedmab. 

-t- the  origlnAl 

lei«th. 


DUaL 


Antimony 

Bismuth 

Brass 

•—-cast :. . 

—  wtfe 

—  16,  tin  1 

Copper 

»  hammered 


Glass    tube    without ) 

lead  (crown)  ....  J 

white  barom. 


Smcaton 

Ditto    

Lavoisier  and  Laplace 

Smeaton 

Ditto    

Ditto    

Lavoisier 

Smeaton 

Petit  and  Dulong 

Lavoisier • . 


*^—  rod 

*— —  English  flint  . . . . 

•^—  crown 

■   ■      tube  

Cold,  Paris  standard) 

not  softened J 

—  pure    , 

Iron 

Ditto    

cast  (prism)   . . . . 

hammered 


Smeaton 

General  Roy  , .  . ; 

Ditto. 

Lavoisier 

Ditto 

Petit  and  Dulong . 

Lavoisier 

Ditto  . . . . , 


. wire 

Lead 

Ditto 

Pewter,  fine 

Palladium 

Platinum  . . , 

Ditto    

Ditto    

Silver,  Paris  standard. 

Ditto    

Solder, soft  (lead  2,tinl) 

. spelter  (brass 2,^ 

zinc  1   

Speculum  metal  .... 

Steel,  hard 

-'-  ditto 

soa 

— —  tempered   . .  ; 


Smeaton 

Petit  and  Dulong    .  • , , 

General  Roy    

Lavoisier 

Ditto 

Ditto  . 

Smeaton 

Ditto 

Wollaston 

Troughton   

Borda 

Petit  and  Dulong . . . . . 

Lavoisier , 

Troughton « , . . 

Smeaton 

Ditto 

Ditto. 

Lavoisier 

Smeaton , 

Lavoisier 

Ditto < 


1. 00108300 
I.OOiS9iOO 
1X)0186671 
1.00187500 
1.00193000 
1.00190800 
1.00172244 
1.00170000 
1.00171821 

1.00087572 

1.00083000 
1.00077615 
1.00080787 
t. 00081 166 
L00089760 
1.00086130 

1.00155155 

1.00146606 

1.00125800 

1.00118203 

1.00110940 

1.00122045 

1.00123504 

1.00284836 

1.00286700 

1.002283 

1.0010000 

1.00099180 

1.00085655 

1.0088420 

J. 001 90868 

1.0020826 

1.0025080 

1.0020580 

1.00193300 
1.00107875 
1.00122500 
1.00107956 
1.00)28956 


Ti^ 


3-hr 
34t 


tVit 


▼^ 


FtAt 
rtVr 
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TIn>   Falmouth 

Talk  continued. 
Lavoisier •• .,  •• 

1. 00217298 
1.0019S765 
1.00248S00 
1.00294200 

1.00301100 

Tfr 

Ditto 

Tfr 

Smeaton 

▼fr 

Zinc 

Ditto ..•••• 

-rW- 

—  hammered    balfl 
inch  per  foot    . . . ,  j" 

Ditto 

-rlr 

TableSf  exhiiiiing  a  collective  Vieuf  of  all  the  Prigorific  Mia> 
tures  contained  in  Mr.  Walket^s  Publication^  1808. 

(Commanicated  by  Mr.  Walker.) 

1. — Table^  consisting  of  Prigorific  MixtureSj  havk^  the  Power 
of  ^eneratingj  or  creatine  Cold^  without  the  Aid  oflce^  suf-^ 
ficient  for  all  useful  and  philosophical  Purposes^  in  any  Part 
of  the  tVorld  at  any  Season. 

Frigorific  Mixtures  witboat  Ice. 


MIXTURES. 

Thermometer  sinks. 

Deg.ofeold 
produced. 

Muriate  of  ammooia. . 
Nitrate  of  potassa.... 
Water 

5  parts 
16 

From  ^  500  to  +  lOo 

40 

Miifiale  of  ammonia. . 
Nitrate  of  potasta .... 
Balphateofsoda    .... 
Water  

5  parts 
5 
8 
10 

From  +  500  to  +  4« 

46 

Water 

1  pan 

From  +  500  to  -»•  4« 

46 

Nitrate  of  ammoaia  . . 
Carbouaie  of  soda .... 
Water 

1  part 

1 

.    From  +  50P  to  -  70 

67 

Sulphate  of  soda 

Diluted  nitric  acid  ... 

S  parts 

From +  500  to-80 

tt 

Solpbate  of  soda 

Mariate  of  amaMMia. . 
Nitrate  of  potassa  .... 
Dilated  nitric  acid.... 

6  parts 

2 
4 

From     50»to-10« 

60 

Hulphateofsuda 

Diluted  nitric  acid.... 

0  purls 

6 

4 

From+50Oto-14o 

64 

Phosphate  of  sodii. . . . 
Diluted  nitric  acid.... 

9  paru 

From +500  to -Uo 

02 

Phosphate  of  soda. . . . 
Nitrate  of  ammonia.  .. 
Diluted  nitric  acid.... 

9  parts 
6 

4 

From       50oto-Slo 

71 

Sulphate  of  soda.  •  • .. . 
Muriatic  acid 

8  parts 
5 

From+50otoOo 

50 

Sulphate  of  soda 

Diluted  sulphuric  add. 

5  parts 

From  +  SCO  to  +  S© 

47 

N.  B. — If  the  materials  are  mixed  at  a  warmer  temperature,  thaa  that  ejc« 
pressed  in  the  Table,  the  effect  will  be  proportionably  greater  |  tbos,  if  the 
most  powerful  of  these  mixtures  be  auide,  when  the  air  ii  +  85*,  U  wUl  link 
the  thermometer  to  +  8*. 

TOL.  II.  2  8  n  ] 
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APPENDIX. 


"Table  consisting  of  Frigorific  Mixhtres^  composed  of  Ise^ 
tvilh  chemical  Salts  and  Adds. 

Frtforiic  Mixtores  with  Ice. 


MIXTURES. 

Thermometer  sinks. 

Des.ofco1d 
produced. 

Snow,  or  pounded  ice. 
Muriate  of  soda 

2  parts 
ftparts 

24  parts 
10 

12  parts 

S 

/"         to-5o 

• 

Muriate  of  soda 

Muriate  of  ammonia.* 

to-120 

• 

Muriate  of  soda 

Muriate  of  ammonia.  • 
Nitrate  of  potassa...; 

to-180 

» 

Snow,  or  pounded  ice. 

Muriate  of  soda    

Nitrate  of  ammonia  .. 

to -259 
\ 

• 

Snow 

Diluted  sulphuric  acid. 

3  paf  u 

From  +  3S«to-23» 

55 

Snow 

8  parts 

From  +  S80to.27<» 

Muriatic  acid 

50 

Snow 

7  parts 

From  +  32^to-S0O 

Diluted  nitric  acid.... 

68 

Snow 

4  parts 

FromH-32oto-40o 

Muriate  of  lime. 

72 

Snow 

2  parts 

From  +  S!toto-50o 

Crysl*  muriate  of  lime . 

82 

Snow 

Sparu 

Potassa 

Fkom-f  S8<>to-5P 

83 

N.  R— -The  reason  for  the  omitslons  in  the  last  column  of  this  Table,  ii,  the 
IhtriOMicttr  linking  In  these  mixtures  to  the  degree  mentioned  in  the  preceding 
coianui,  and  ne? er  lower,  whatever  may  be  the  tcmperatare  of  the  materials 
al  mizinf • 


Digitized  by  VjOOQIC 


VRIGOI^IFIC  IIIXTUaSS. 


9«7 


3. — Talle  consisting  of  Frigorific  Mixiures  sekciedjrom  the 
foregoing  Tables^  and  combined,  so  as  to  increase  or  extend 
Cold  to  the  extremesi  Degrees, 

ComblmUtoDS  of  Frigorific  Mizlnres, 


MIXTURES. 

Deg.  of  cold 

Fiiospbaleof  soda..., 
Nitrate  of  ammonia... 
Diluted  nitric  add.... 

5  parts 
S 

4 

From  0^(0-340 

34 

Pliospliate  of  soda 

Nitrate  of  ammonia... 
Dilated  mixed  acids.. 

3  parts 

4 

From -340  to- 50« 

10 

Snow 

3  parts 

From  Oo  to  ^469 

Diluted  nitric  acid.... 

46 

Snow....  

Diluted  sulpliaric  acid. 
Diluted  nitric  acid.... 

8  parts 

3 
3 

From^lOOto-"50P 

46 

Snow ,, 

1  part 

Flrom-20'>to-60o 

Diluted  sulpliaric  add. 

40 

Snow 

3  parts 

From +209  to -48» 

Muriate  of  lime 

68 

Snow 

Muriate  of  lime 

3  parts 

From -f  100  to -54* 

64 

^1,^^ 

MuriatVofVime !!.!.'.' 

2  parts 
3 

From-15C^to-08O 

53 

Snow 

1  part 

From0oto-66o 

'    *■ 

Cryst.  muriate  of  lime 

66 

Snow 

1  part 
3 

From-400to-TS* 

Cryst.  moriate  of  lime 

33 

Snow 

8  parts 
10 

From -68«  to -910 

Diluted  sulphuric  acid. 

93 

N.  B.— The  materials  in  the  first  colamn,  are  to  be  cooled,  prerlooily  fo 
mixing,  to  the  temperature  required,  bj  mlxtam  taken  fron  either  of  th^ 
preceding  tables. 


9  8  2 
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Table  of  the  SahdnlUs  tfSaUs  m  fPkier.^ 


MalBlitTttlOOPMs 

Water. 
At  00^         I      At  Slfo 


VAMES  or  SALTS. 


Anenic 


ACIM* 


BofBcic  • . . . 
Camphoric  • 

Citric 

GftUic 

Mucic 

Molybdenic^ 

Oxalic 

Soberic  •••• 
Succinic  .  •  • 
Tartaric... 


SAhmAAVE  BASSi. 


Baryta   . .  • 

crystalliied  •  »•• 
Lime  .•••«««•..•••* 

Potaisa 

Sddft 

Strontia 

crystalliaed  »• 


SALTS. 


Acetate  of  ammonia . 
baryta  •  •  < 
lime  •  •  •  • 
magnesia  . 

potassa.. , 


150. 
0.208 

1j04 
1S3. 
S3 
0.84 

\    e. 

0S9 
4. 
Very  soluble 


3. 
57. 
0.2 
Very  soluble 
do. 
0.6 
1.9 


Very  soluble 

do. 

do. 

do. 

100. 


4.17 
2. 
8.3 
200. 
66. 
1.25 
0.1 

50. 
50. 


50. 
Unlimited* 


50. 


*  This  Table,  from  the  impoMibility  of  finding  sufficient  daU,  I  am 
aware  ii  Tery  incomplete;  and>  in  several  instances^  I  have  little  doubt  that 
the  degrees  of  solubility  assigned  are  erroneous.  The  sulject  requires  in* 
vestigationy  and,  if  properly  pursued,  would  no  doubt  furnish  many  impor- 
tant results.  A  Tery  successful  beginning  has  been  made  by  Gay  Lussac, 
See  Aon*  of  Phil.  toL  kt« 
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TttU*  nfth*  SobaUiif  ofSaiU  m  WUtri—Cimtiimi. 


KAMBS  or  SALTS. 

mmm^^^     ■■»  ■   IP  ■  tp  m. 

8A.LTS. 

Acetate  of  soda 

stroQtia  •  •.»••#•••• 
Carbpnate  of  ammonia  •••«...• 

baryta. • 

lime  .  ,••••*•••• 

magnesia  •  •«•••• 

potassa  •  •••••••• 

soda.  •  •••••,•••• 

strontia    

Camphorate  of  ammonia 

baryta  ..•«•••• 
lime  »••••«•••• 
potassa  •••••••• 

Citrate  of  soda  ••••#••• • 

lime  •••  9  ••'•••  t  •••  • 

Chlorate  of  baryta  • ,••  • . 

mercury  ^ • . 

potassa   •• 

soda   ••» •• 

Chloride  of  barium  

lead 

lime  .  •  • 

magnesium 

mercury 

potassium  •••••••• 

silver • , « 

sodium   • 

strontia 

Muriate  of  ammonia  •  • 

Nitrate  of  ammonia •  •  •  •  • 

baryta t  •  •  •  • 

lime  •••«•••..  t  ..•  • 

magnesia , 

potassa . .  •  r .  •  •  J  •  • .  • 

soda 

strontia 

Oxalate  of  strontia 

Phosphate  of  ammonia 

baryta • 

lime  •  •••••••#•• 


Solubility  in  100  Pans 

Wator. 
AtgC         I     Atglgo 


Very  soluble 

+  30. 
Insoluble 

do* 

0.M 
25. 
50. 
Insoluble 

1. 

0.16 

0.5 

60. 
Insoluble 
25. 
25. 
6. 
SB. 
34, 

200. 

100. 

6. 

35.42 
150. 

33. 

50* 

8. 

400t 

100, 

14.25 

38. 
100. 

25. 
0. 
Oi 


40. 
lOO.J 

0.01111 
+  IQO. 
SS. 

+  38. 


+  25. 

40. 

+  85. 

59. 


50. 
59 

40. 

Unlimited 
100. 
200. 

+   100. 

100. 
+   100. 

200. 

+  26. 
0. 
0* 
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MAMMM  OW  SALTS. 


SALTS. 

Fho^bate  of  magnesia 

potasa 

soda •• 

stfootia     

Fbo^ibjte  of  ammonia 

baryu 

pocassa 

Solphate  of  ammonia    

baryto 

copper    

irofi    

lead     

lime    •• 

magnesia 

potassa •  •  •  •  • 

soda    

strontia •• 

Sulphite  of  ammonia    •  •• 

lime    

magnesia    

potassa   

soda    -•• 

Sacdiolactate  of  potassa 

soda    

Sab-borate  of  soda  (borax)  .  •  •  • 
Super-snlphate  of  alumina  and 

potassa  (alum)   • . 

potassa 

Super-oxalate  of  potassa 

tartrate  or  potassa 

Tartrate  of  potassa   

and  soda  .  •  • 
antimony  and  potassa 


SolobilkTiB 

MOPMtt 

Waf 

r. 

Atmf 

AtSlS^ 

6JB 

Voytoloble 

25. 

50. 

0. 

0. 

50. 

+   SO. 

04 

SS. 

+  SS. 

50. 

100. 

0.002 

25. 

50. 

50. 

+   100. 

OtV 

0.9 

0.23 

100. 

644. 

10. 

26. 

87. 

125. 

0. 

0.02 

100. 

ai25 

5. 

100. 

SS. 

100. 

12. 

20. 

8.4 

16.8 

5. 

13S. 

50. 

+   100. 

10. 

H 

»4 

25. 

20. 

€.6 

SS. 
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Tabk  of  Substafices  solubk  in  AlcohoL 


NAMES  OF  SUBSTANCES. 


Tempei*- 

100  Pans  AW 

tore. 

oohotdiMolT*. 

176" 

7.5 

176" 

*6. 

do. 

3.7S 

do. 

1.7 

do. 

20. 

do< 

75. 

do. 

7. 

176° 

100. 

100. 

176" 

100. 

do. 

100. 

do. 

547. 

88.3 

S*i° 

100. 

176° 

89.8 

SH" 

100. 

6H° 

100. 

125. 

176" 

2.9 

do. 

41.7 

do. 

74. 

do. 

244 

S. 

0.04 

Acetate  of  copper ; . , 

soda 

Arsenate  of  potassa « 

sodA 

Boracic  acid 

Camphor 

Muriate  of  ammonia   

alumina 

copper   

iron    

lime « 

magnesia   « 

tnercury    , 

zinc  

Nitrate  of  ammonia • 

alumina   

cobalt , 

lime 

potassa 4 

silver    

Succinic  acid    

Sugar,  refined , 

Super*oxalate  of  potassa 

Tartrate  of  potassa 


Other  substances  soluble  in  alcohol. — ^AU  the  acids» 
except  the  sulphuric  and  nitric,  which  decompose  it,  and  the 
phosphoric  and  metallic  acids. — Potassa,  soda,  and  ammonia, 
very  soluble.  Soaps;  extract;  tan;  volatile  oils;  adipocire; 
resins;  urea. 

Substances  insoluble,  or  very  sparingly  soluble,  in 
alcohol. — Earths;  phosphoric  and  metallic  acids;  almost 
all  sulphates  and  carbonates;  the  nitrates  of  lead  and  mer- 
cury; the  chlorides  of  lead,  silver,  and  sodium  (the  last,  per 
Chenevixy  sparingly  soluble) ;  the  subboratc  of  soda;  the  tar- 
trate of  soda  and  potassa,  and  super-tartrate  of  potassa;  fixed 
oils;  wax;  starch;  gum;  caoutchouc;  woody  fibre;  gelft* 
tine;  albumen,  and  gluten. 
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Table  tf  hmmpatihie  Salis.^ 


SALTS. 

1.  Fixed   alkdine  sol* 
pbates 


2.  Solpbateoflime. 


Sm  AlmD. 


4.  Scilpbste  of  msgnena 
5    Solpbateofiron. 

6.  Muriate  of  bsrjrta.  •• 

7.  Muriate  of  lime  • .  •  • 

8.  Muriate  of  magnesia. 

9.  Nitrate  of  lime 


IXCOMFATIBLB  WITH 

{Nitrates  of  lime  and  magnesia.^ 
Mnriales  of  lime  and  magnesia, 
r  Alkalis, 

i  Carbonate  of  magnesia, 
/  Muriate  of  baiyta. 
fAlkalis, 

Muriat^  &c  of  baryta. 

Nitrate,  muriate  carbonate  of  lime^ 

Carbonate  of  magnesia. 

Alkalis, 

Muriate^  See.  of  barjrta. 

Nitrate  and  muriate  of  lime. 

/llkalis. 

Muriate,  &c.  of  baryta^ 

f^rtby  carbonates, 
r  Sulphates, 
<  Alkaline  carbonates, 
L  Earthy  carbonates. 
^  Sulphates,  except  of  lime. 

Alkaline  carbonates. 

Carbonate  of  magnesia. 

Alkaline  carbonates, 
^Alkaline  sulphates, 
r  Alkaline  carbonates, 
^  Carbonates  of  magnesia  &  alumina, 
^Sulphates,  except  of  lime. 


Tahle  of  Eqtiivaknti. 

In  the  Mowing  Tahle  of  Chemical  EquivalenU,  which,  under 
another  view,  may  be  considered  as  denoting  the  relative  toeighis  of 
the  atom  qfbodiet,  hydrogen  is  expressed  by  1,  and  other  bodies 
are  referred  to  it  as  a  standard.  This  appears  to  me  mora  conve- 
iilaot  than  the  employment  of  oxygen  as  the  unit  of  comparison^ 
because  all  bodies  li|^ter  than  oxygen  are,  in  the  latter  case,  na* 

'  «  That  Is,  salts  which  cannot  exbt  together  in  solntion,  without  nnitaal 
deeompotition.  thisiacoaipatthility,  howerer,  it  it  to  bs  andsfstood,  siiiis 
only  in  solutions  of  a  certain  density. 
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cessarily  expretted  by  ftftctioBal  numbert.  It  It  eaty,  howtrtr*  to 
reduce  the  one  scale  to  the  other  by  the  rule  of  proportion.  Thus 
to  know  what  number  would  be  equindenti  osygen  being  tuppeied 
1,  IO9  or  IOO9  to  any  known  number  which  refers  10  hydrogen  as 
unity,  say  as  8  is  to  1|  10,  or  100,  so  is  the  known  equiwdent  to 
the  equiTalent  sought.  And  contrariwise,  when  we  hare  a  scale  of 
numbers  in  which  oxygen  is  represented  by  1,  10, 100,  Ae.9  and 
would  know  what  is  the  equivalent  of  any  of  those  numbersi  hy- 
drogen being  taken  as  unity,  say  as  1,  10,  or  100  to  8,  so  is  the 
given  equivalent  to  the  equivalent  required. 

In  drawing  up  the  table,  I  have  had  recourse  to  the  best  eutho- 
rities  both  original  and  compiled.  The  most  copious  Tables  hi- 
therto published  are  those  of  Berzelius,*  Dr.  Thomson,f  and  Mr. 
Brando  ;t  but  in  many  instances,  their  numbers,  as  well  as  my  own, 
are  to  be  considered  merely  as  approximations ;  and  it  is  probable 
that  there  are  few  numbers,  wliich  will  not  undergo  altoration  by 
the  subsequent  progress  of  chemical  science.  The  table  will  be 
rendered  much  more  useful,  if  accompanied  by  a  logomeiric  diding 
^cahf  the  application  of  which  to  this  purpose  was  a  happy  inven- 
tion of  Dr.  Wollaston.  On  the  fixed  part  of  this  instrument  may 
be  inscribed,  opposite  to  their  equiTalent  numbers,  the  names  of  sub- 
tances;  but  as  it  is  not  possible  to  include  on  a  single  scale  the 
names  of  all  substances,  those  may  be  selected  which  are  most  im« 
portent,  and  most  likely  to  become  subjects  of  reference.  Or,  by  a 
little  practice,  a  scale  coutaining  numbers  onlif  may  be  used  with 
feoility,  the  names  of  substonces  being  in  this  case  imngiiMd  to  be 
placed  on  the  fixed  part  of  the  instrument,  opposite  to  their  re* 
presentative  numbers.  A  scale,  however,  on  which  names  are  in- 
scribed, is  best  adapted  to  beginners ;  and  an  instrument  of  this 
kind  will  be  found  capable  of  afibrding  a  greet  Tarlety  of  infor- 
mation, important  both  to  the  scientific  and  practical  chenbt. 

1.  The  quantity  of  any  substance,  which  is  equivalent  to  a  given 
quantity  of  any  other  inscribed  on  the  scale,  may  be  learned  by 
inspection.  For  example,  by  bringing  50  on  the  slider  opposito  to 
magnesia,  or  to  its  equivalent  20,  it  will  be  seen  that  50  parts  of 
that  earth  are  equivalent  to  70  lime,  120  potassa,  Ac. 

2.  It  shows  the  quantity  of  each  base,  that  is  equivalent  to  a 
given  quantity  of  any  acid.    Thus  50  on  the  slider  being  brought 

•  Eiaal  tar  Is  Thiorle  dei  Proportions  ChioilqiMi,  Svo.  1019. 

f  ejfteai  of  Chemistry,  vol.  iv.  «di  o4U. 

t  Qaartcrly  Joifwil|  xi  v,  49,    TJili  (aWe  i#  yablitM  alie  srHtaltly. 
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oppoeUe  tb  sulphiirid  acid»  or  to  its  cquivalehi  40,  it  appein  that 
50  parts  of  that  acid  saturate  26  of  magnesia,  35  lime,  60  potassa* 
&C.  In  a  similar  manner,  the  scale  indicates  the  quantities  of  dif- 
ferent acids  required  to  saturate  each  base ;  thus  50  parts  of  mag- 
nesia saturate  100  of  sulphuric  acid,  135  nitric,  &c. 

8«  It  enables  us  to  determine  by  inspection  the  proportions  of 
the  components  in  a  given  quantity  of  any  substance  of  known 
composition.  Thus,  by  bringing  100  on  the  slider  opposite  to  7  2, 
the  equivalent  of  dry  sulphate  of  soda,  we  find  55.5  on  the  slider 
opposite  to  the  equivalent  of  sulphuric  acid,  and  44.5  opposite  to 
the  equivalent  of  soda,  numbers  which  together  make  up  100  of  the 
salt. 

4.  It  oppresses  not  only  the  proximate  but  the  uUimate  elements 
of  compounds.  Thus,  keeping  the  slider  in  the  same  situation  as  in 
th«  last  case,  we  find  22.4  on  the  slider  opposite  to  16,  tlie  equiva- 
lent of  sulphur,  and  S3.1  opposite  to  24,  the  equivalent  of  S  pro* 
portions  of  oxygen ;  and  22.4  +  33.1  make  up  together  55.5  sul- 
phuric acid.  By  reference  to  the  equivalents  of  sodium  and  oxygen, 
we  find  also  that  44  parts  of  soda  are  made  up  of  33.4  sodium  and 
11.1  oxygen. 

5.  The  quantity  of  any  substance,  which  we  must  take  to  decom- 
pose a  givea  quantity  of  another  by  smgle  elective  attraction,  is  at 
once  taught  by  the  scale.  Thus,  if  we  wish  to  know  the  smallest 
quantity  of  sulphuric  acid  adequate  to  decompose  100  parts  of 
ddoride  of  sodium,  by  bringing  100  on  the  slider  opposite  to  chlo- 
ride of  sodium  or  its  equivalent  60,  we  find  66^  on  the  slider  oppo- 
site to  40,  the  equivalent  of  dry  sulphuric  acid ;  and  opposite  to  49, 
the  equivalent  of  sulphuric  acid  of  commerce,  we  find  81^  on  the 
slider.  We  must,  therefore,  employ  66)  of  the  former  or  81 1  of  the 
latter.  Again,  to  know  the  quantity  of  dry  sulphate  of  soda,  wbich 
would  result  if  all  the  common  salt  were  decomposed,  we  shall  find 
120  on  the  slider  opposite  to  the  dry  Sulphate  or  to  its  equivalent 
72,  and  270  opposite  to  the  crystallized  sulphate  or  to  its  repre- 
sentative number  162.  In  several  cabes,  however,  in  order  td 
effect  a  complete  decomposition,  it  is  necessary  to  employ  more 
than  the  equivalent  quantity  of  the  decomposing  body.  (See  voL 
u  p.  319.) 

6.  The  quantities  of  salts,  each  consisting  of  two  ingredients, 
that  are  required  for  mutual  decomposition,  may  be  learned  by  a 
similar  use  of  the  sliding  scale.  Supposing,  for  instance,  that  we 
have  83  parts  of  sulphate  of  potassa,  and  wish  to  know  the  quantity 
of  chloride  of  barium  required  for  their  decomposition;  bring  83 
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on  the  slider  opposite  to  sulphate  of  potassa,  or  to  88»  it  srepresen** 
tative,  and  opposite  to  106»  the  equivalent  of  chloride  of  barium^ 
we  find  100  on  the  slider,  which  is  the  number  required.  The 
results  of  this  decomposition  may  also  be  learned  by  examining  the 
instrument  when  in  the  same  situation  of  the  slider ;  for  opposite  to 
the  equivalent  of  sulphate  of  baryta  118,  we  find  on  the  slider  11 1, 
and  opposite  to  chloride  of  potassium  we  find  71-5  on  the  slider, 
the  two  last  numbers  indicating  the  resulting  quantities  of  the  new 
compounds.  Again,  from  the  weight  of  a  precipitate,  it  is  easy  to 
deduce  the  quantities  of  salts  which  have  afforded  it.  Thus,  if  we 
had  obtained  by  experiment  120  parts  of  dry  sulphate  of  baryta,  on 
bringing  that  number  opposite  to  its  equivalent  118,  we  see  at  onoe 
that  they  may  have  resulted  from  89^  of  sulphate  of  potassa,  and 
108  of  chloride  of  barium ;  and,  moreover,  that  120  parts  of  barytic 
sulphate  are  composed  of  40.6  sulphuric  acid,  and  79.4  baryta ;  the 
sulphuric  acid  consisting  of  16.5  sulphur  and  24.1  oxygen,  and  the 
baryta  of  8. 15  oxygen  and  71.25  barium. 

Other  applications  of  the  scale  of  equivalents  are  pointed  out  by 
Dr.  WoUaston  in  a  memoir,  explaining  its  principle  and  uses,  in- 
serted in  the  Philosophical  Transactions  for  1814. 


Table  of  Chemical  Equivalents  or  Atomic  Weights. 


Acid,  ocellc  real 50  1 

cr^itallized,  (1  water)  59 

anenic 62 

ancnioiM 64 

benzoic 120 

borticic? 89 

carbonic,  1  r.  +  2  ox 22 

cblorir,  I  chl.  <c  5  ox 76 

chloriodic,  1  cbl.  +  1  ind.  16L 
cbloro-carbonic,  1  c.ox.+ 

Icbl 50 

chloro-cy  anic 62 

chromic,  1  chr.  +  3  ox...  52 

citric  (dry)    58 

crystals,  (2  water). .  76 

columbic? 152 

ferr^-cyanic  ? 67 

fluoboric? 22 

fluosilicic 24 

formic .87 

icallic 63 

hydriodic 126 

hydru-cbloric 37 

liydro-cyanic,  1  cy.  +  I  hyd.   27 

bydro  siilphnrous 115 

bydi-o-tiiorl^ 17 


Acid,  liy  pool  Irons,  1  nit  +  3  ox.  38 
hypopbospborons,  2  p.  -i- 

1  ox 38 

byposulpburous,  1  s.  4.  1 

ox 24 

hyposulphuric,2s.  +  5ox.  72 

iodic,  1  iod.  -f  5  ox 165 

malic 60 

manganeseout 52 

mangaoi*»ic 60 

mnlybdir 71 

molybdous 63 

moriatic 37 

nitric  (real)  1  n.  +  5  ox. .  54 

(sp.  f  r.  1.5)  2  water  72 

nitrous,  1  n.  +  4  ox 46 

oxalic(dry) 3« 

crygtaU  (4  water  T.)  72 

(3do.Berz.)  63 

perchloric,  1  chl.  -^  8  ox.  100 

phosphoric,  1  p.  +  2  ox. .  28 

phosphorous,  1  p.  -f-  1  ox.  20 

purpuric 44 

pyro-uric 251 

taccholactic 105 

•elenic,  1  f.  -I-  8  ox •••••.  56 
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Alvi 


MhifVmlnH 00 

lajphoric  (dry)  1  s.  +  3  o  j.  40 

»p,gr.  1.85  (Iwat.)  49 

sidplNiravty  1  f.  4-  Sjdx,.  .  88 

Mlphocjvnic  .  • , , .. ,  57 

tartaric,  dry,  (5T  T.  ft  R)  fl« 

n-ystaltCl  water)  75 

tangttic •..*.*.»  ISO 

aric? 100 

Aieahalt  4  ol.  gas  4-  8  a^.  vapear  46 

AliWtdfy  (986T0-«.p.. 198 

crystallized,  (511  T.)  88 
water*  •••••••■■•■•■••  459 

AJanlnt,  (87  Pliillips»  18T,). .. .  86 

taipliate    ,...  66 

a,(10T.  16Plillllp9)..  18 

i»*»»9»f «•*••••?  17 

bicarbooate,!  aoi.  +  8  c.a.  61 
carbonate,  1  am,  +  1  e.  a,  89 

lililorate,  dry ,,,..  08 

citrate,  do....; 75 

flaoborate,  do 89 

laarfate,  1  am.  .f  I  ai,  a*  54 

nitrate,  dry 71 

crystallized,!  wat.  80 

oalatCfdry 58 

crystals,(l  wat.?)  68 

pliosphate,  dry.. 45 

phosphite,  dry 8T 

succinate,  dry 67 

sulphate,  dry 57 

crystd.  (f  wat.)   75 

•alphite,  dry  • , 49 

tartrate,  do 88 

Antimony,  (Br.  45) 44 


H 


80 


56 
169 
60 

58 

60 

288 

no 


chloride 
deBtoxfde,l  anty, 

ox 

iodide , 

peroxide,  1  ant.  +  8  ox, 
protoxide,  1  ant.  +  1 

ox 

sttipfaorct,  1  ant.  -i-  1  s. 

tartarised 

Arseaiate  of  potassa,  dry. 

soda,dry , 94 

Arieoic 88 

ehlorideof? 74 

iodide?..^ 168 

sulphuret  (orpinicnt)  ?  . .     54 

(realcar)? 68 

Azote 14 

Barium 70 

chloride  of,  1  b.  +  1  chl..  106 

Iodide 195 

peroiide,  1  b.  +  8  ox. . . ,     86 
protoxide,  1  b.  +  1  oz....    78 

sulphuret 86 

Baryta,  dry,  1  barium  +  1  ox.. .     78 
crystallised  (80  water). .  858 


acetate,  drj. 


Bwyte,i»«eiiiat«?dffy ••  140 

arsenite?  do,... .,.,,..,  138 
btnhyposulphite,  1  b.  + 

8»c 189 

.  bipbotphate, dry, ,..,...  134 

carbonate,  do 100 

chlorate,  do 164 

rhromatcydo.   ,., 130 

hydrate. 858 

bydrlodale,  dry 90^ 

lodate,do...,. .,..,.••.  848 
nitrate,  crystd.  (no  water)  138 

oxalate,  dry *  114 

ferro-cyaoate  1 141 

muriate,  crystd.  (8  wat,)  133 

phosphate,  dry lOS 

phoiphilf,  4a. 98 

crystallised  (1 

water) IW 

•viphatc,  dry 110 

sulphite,  do..   ,,. 118 

tartrate,  do 145 

tanfstate,  do 198 

Bismath ,...,.•..,...     71 

chloride,  1  b. -(•  1  chl...   107 

iodate 844 

nitrate,  dry ••  133 

oxalate,  do •  •  115 

oxida 79 

kobsulphate,3ox.  b.  •!•  1  ac  877 

sulphate,  dry 119 

sulphuret 87 

Borax «, «... 

Boron? 6 

Cadmium 56 

chloride 98 

nitrate,  dry 118 

ozide 64 

phosphate,  dry 98 

sulphate,  do 104 

sulpharet,  1  c.  -»•  1  •••  •     78 

Calcium 80 

chloride 56 

fluoride  (floor  spar), ...     36 

oxide  (lime) 88 

phosphnret  ...........    'Si 

sulphuret 36 

Calomel,  see  Mercury,  protochloride. 

Carbon 6 

bisnlphuret,  1  car.  +  8  8.    38 

hydriodide... 139 

hydrochloride 43 

oxide  (gas)  1  c.  +  1  ox. .  14 
perchloride,  8  car. + 3  chl.  1 80 
protochloride,  1  +  1  . .  •  •     48 

snbchloride,  8  -f-  1 48 

Carbureted  hydrogeo,  light,  1  car. 

+  8hyd _       8 

Carbureted  hydrogen  (olefiasf) 
1  +  1 7 


188  |Ceri«B?. 


Digitized  by  VjOOQ IC 


ObJSMICii.  BatlTALBl^'ht. 


tor 


berluD,  pro<oictd«  ? 54 

peroxide? 4«»..    68 

Ghloriae •••... S6 

protoxide,  1  c.  +  1  ox. .    44 
peroxide,  1  c«  •f  4ox«?      68 

Chromium •••• 88 

protoxide 96 

dentoxide  (T.) 44 

Cobalt,  (96  T.) 80 

aneniate,  dry 100 

diloride •..     60 

nitrate,  dry »..     09 

oxaiau,  do 74 

peroxide,  1  c.  +  l^ox..     49 

phoiphate,  dry 66 

protoxide,  1  c  'f  1  ox. .     88 

ralpliate,  dry «••..     78 

cryitallised  (7 

water) 141 

•alpliuret 46 

Chloride  of  aitrogen,  4  chl.  +  1  n.  168 

Colambiam? i.»«  144 

Copper* » 64 

acetate,  1  ac.  -f  1  perox.*  ISO 

cryitd.  (6  water).  984 

hinacetatet9ac.-(-I  perox.  180 

cryitd.  (8  water)  907 

hi  phosphate,  (9  water)  ..  196 

hitalphate,  (bio^  vitriol)  160 

cryttd.  (10  water)  950 

bisalphiiret,  1  c.  -f  9  s  . . .     96 

binitrate,  1  perox. '^  98C.  188 

Iodide 180 

percfaloride,  1  c.  +  9  chl. .  136 
protochloride,  1  e.  4-  1  chl.  100 
protoxide,  Ic.  +  1  ox...  79 
Mbnltrate,  dry,  4  perox. 

•I-  1  ae 874 

•ttbacetate,9  perox.  + 1  ac.  178 
subsulphate,  9perox.  +  lac.  900 
Corrosive  labliaMte,  see  mercory. 
Cyanogea,  1  aiir.  ■»>  9  earb. « « . . .     96 
filher,  lalphttrie,  4ol.  gas  +  1 

aq.Tap..* 87 

mariatie,  1  ol.  gas  -i- 1  m.  a.  44 
chloric,  I  ol*  gas  + 1  chlo.    49 

Fldorlne? 16 

GIttcina 96 

Gliiciaam  ».... «..•«.•....     18 

dold? 900 

chloride 996 

Iodide 995 

protoxide,  1  gold  -I-  1  ox.  908 

peroxide,  1  -I-  8 994 

ialpharet,  1  gold  •►  9  sal..  948 

aiim,<Ure68) 90 

Hydrogea « «...      1 

IrtdiaT. 195 

trtdlam,(T.)«.« SO 

oxide  .«. 98 

tron  •••..i»»oM< • S8 


Irofl,  protochloHde,  i  ir.  +  1  ehU  64 
perchloride,  1  ir.  •!-  1|«.».  89 
protoxide,  1  ir.  -t-  1  ox.  • .     96 

peroxide,  1  ir.  +  !( 40 

persiilphate,  1  perox.  •f  l|ac.  100 
proiosulphnret,  1  Ir.  ••>  1 1. .    44 
persalphuret,  1  -f  9.. ......    60 

subs«lphate,4perox.-t-  lac.  904 

ittlphate,dry,  1  prot.  + 1  ac.    76 

crystd.  (7  water;  199 

Lead 104 

acetate  (dry) 109 

crystd.  (9 water)....  189 

arseoiate,  dry 174 

carbonate,  do....* 194 

chloride .« 140 

chronate,  dry  I  prot.  •^  1  ac  164 
bichromate,  do.  1  -f  9ac...  916 
dentoxide,  1  lead  4-  l^ox..  116 

gallaie. 175 

malate,  dry 4.*.....  179 

moiybdate,  do ••.  188 

nitrate,  crystd.  (no  water). .  166 

nitrite 460 

oxalate,  dry 148 

peroxide,  1  lead  4*  9 ox....  190 

phosphate,  dry 140 

phosphite.. 4 199 

protoxide,  1  lead  +  1  ox...  119 

sttbnitrate , 978 

snbacetate, 9 protox. 4-  lac.  986 

sniphate,  dry 159 

salphite,do « 144 

sniphiiret     ....»• 190 

tartnite,dry 178 

Lime,  1  calcinm  4*  1  ox 98 

acetate,  dry ,     76 

arseniate » ,    00 

biahyposuipbile,  (6  water).  190 

biphosphate,  dry 84 

carbonate,  do ...4 ••...    50 

chlorate,  do. 104 

chloride,  1+1..... ••     64 

citrate,  dry ,. .     86 

chromate,  do «....•.     80 

hydrate,  1  -i-  1 ..••,    37 

hydrogd«  salpharec  .*•.«...    89 

iodate 199 

muriate.. 65 

oxalate,  dry ,,,,,     04 

phosphate,  do** ..»».     50 

phosphite,  do.. k.... 48 

sabchioride,  9 1.  +  1  chl. .  *  ^     99 

(6  water) 146 

salphate,  dry 08 

crystd.  (8  water). .     80 

tartrate...  •« 04 

(4wal«r) M..  190 

toagstate.. ....»...•. 148 

Lithia^(18Br.  I^T.) 19 

carboaato  •.,•*•».,,,,..    41 
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Uihm,  nitrate,  dry 73 

photpluile 47 

iiilphale,  drjr 50 

Lnhinm,  (10  Br.) U 

chloride • 47 

tttlpliurrt 87 

HUgiieiUiy  1  naKneMiMi  +  1  ox. .     80 

•MiBoBift  phofphate  . .     9S 

cryrtd.(6wat.)lS8 

carbonate,  dry,  1  +  1  ac.  48 

cryttd.(3wat.J   69 

comnoa  (tee  ▼ol.  i.  p. 

594) 173 

chloride,  dry ,    56 

bydraie,  1  +  1  water    89 

mariate 57 

Bitrate,dry 74 

phosphate,  do 48 

salphate,do 60 

crystd.  (7  wat.)  183 

Urtrate 87 

Ifacnesiam 18 

chloride 48 

MaaganeM 88 

carboaale,  1  protox.  + 

1  ac 58 

chloride,  1  m.  +  1  chl.    64 
deotozide  (brown)    1 

n.  +  H 40 

ozalaie,  dry 78 

pboiphale,  do 64 

protoxide,  ^eeo,  1  m. 

+  1  ox 36 

tritoiide,  I  m.  +  8  ox.    44 
lulphate,  1  protox.  + 

lac 76 

Mcrcnry. 800 

bichloride 878 

bicyanidc 858 

binitrate,  1  prot.  +  8ac..  384 

bisulphace,  dry 896 

bisulphiiret 838 

iodide 385 

perchloride  (corr.  tab.) . .  878 

peroxide,  1  +  8 816 

protochloride  (calomel).  •  886 
protoaitrate,  1  prot.  +  lac.  868 
protOBulpbate,lprot.  +  lac.  848 

protoxide,  1  +  1 808 

sulphate 8.56 

Molybdenam,  (48  Br.) 47 

protoxide 55 

Morphia 388 

Ntokel>(86T.80B.) 40 

acetate,  dry 98 

arteniate,  ditto 110 

carbonate,  ditto 68 

chloride,  ditto. 76 

nitrate^ditto 94 

cryitd 

oyiilate,dry ••....     76 


Nickel,  peroxide,  (38  T.). 5S 

protoxide,  (34  T.) 48 

sulphate,  dry 88 

cry.<id.(1  water)  151 

sulphnret 56 

Nitric  oxide,  1  n.  +  8  o SO 

Nitrogen U 

Nitrons  gu,  see  nitric  oxide. 

Nitrons  oxide,  1  n.  +  1  o 88 

Oil, olive? ?• 

Olefiantgas T 

Osmium  ? 

oxide. 

Oxygen 8 

IHilladittm? 50 

olide? 64 

Phosphorus 18 

carburet 18 

chloride 48 

perchloride 84 

sulphnret 88 

Phosphureted  hydrogen,  1  p.  + 

8hyd 14 

perphocphareced,  1  +  1    13 

Platinum W 

ammonia  muriate .  .>. .  888 

bisttlphnret 188 

perchloride 168 

peroxide 118 

protochloride 1S8 

protoxide 104 

sulphnret 118 

Potassa,dry,  1  potaminm+  1  ox.    48 
arseoiate,dry(l64)....  HO 

arseniie,do.(I48; 108 

bicarboaate,  do.  1  +  8  a<^.    ^ 
crystd.  (1  wat.)  101 

bioarseniate,  dry 178 

bichromate,  do 158 

binoxalate,  do.  1  +  8ac.  180 

biphosphate,  do 104 

bisulphate,  do. 188 

crystd.  (1  w«t.)  1S7 

bitartrate ISO 

crystd.  (1  water)  189 

chlorate,  dr>' 184 

chromate,  do. 100 

citrate,  do 106 

hydrate,solid(l  water).    57 

hydriodate,  dry M 

iodate,do 813 

molybdate,do 180 

muriate 85 

nitrate,  dry 108 

oxalate, do.  1  +  1  ac...    84  • 

perchlorate,  do 131 

phosphate,  do 76 

quadroxalare,do.l+4ac.  198 

f Hccinate,  do 98 

sulphate,  do.  •• •    88 

iulpl)itffdo,,,.*«f  •••    ^ 
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PolasM,  laHratc,  do 114 

tuafstaie,  do , . . .  ^  168 

Potawium , 40 

.  chloride 76 

iodide 165 

peroiide,  1  p.  +  3  ox. .  64 
photphuret,  1  +  1  . . . .  52 
protoxide,  dry,  1  +  1..  48 
iiibpbosphttret,  8  +  1..  92 
sulphorel  (varioos) 

RluMliom? 44 

protoxide? .,     52 

peroxide?. 60 

fi^leoium 40 

tielenareted  hydrog eo 41 

Silica 16 

Silicium  or  silicon .*      8 

Silver 110 

chlorate,  dry 194 

chloride,do 146 

iodate,  do  .     283 

iodide,do 235 

nitrate,  do 172 

oxalate,  do 154 

protoxide,!  +  1 118 

peroxide,  3  8.  +  8  ox 346 

phosphate,  dry 146 

sulphate,  do 158 

sulphuret 126 

Soda,  1  sodium  +  1  ox •...,    32 

acetate,  dry 82 

crytld.  (7  water)..  ..  145 

arseolate,dry 94 

arsenife,  do...; 86 

bicarbonate,  do 76 

crysid.  (2  water)    94 

carbonate,  (sub-cn  rb.)  dry . .     54 

crystd.  (10  water)  144 

chlorate,  dry 108 

chromate..... 84 

hydrate 41 

faydriodate,dry 158 

iodate,  do 197 

nitrute,do 86 

oxalate,  do 6S 

talpbate,do. 72 

crystd.  (10  water)..   162 

ta1phite,dry 64 

tartrate,do 98 

tartarized,  U4  +  98 812 

Sodium 24 

chloride 60 

iodide 149 

peroxide,  1  s.  +  li  ox...     36 
protoxide,  1  s.  +  1  ox...     38 
Starch? 


Strontia(55  Brande) 58 

carbonate,  dry  , 14 

hydrate , «..     61 

muriate 80 

nitrate,  dry 100 

oxalate,  do 88 

phosphate,  do .  • 80 

suIphate,do 98 

Strontinm  (47  Br.) 44 

chloride 80 

oxide 58 

Strychnia 380 

Sugar  (Front  75) 81 

Snlphor , .     16 

chloride,!  +  1 58 

iodide 141 

pho^phnret 88 

Suiphureted  hydrogen 17 

carbon,  see  carbon. 

Tannin Tl 

Tellurium 38 

chloride 74 

oxide ••••• 46 

Tin $9 

biittlphuret 91 

peroxide,  I  tin  -»-  2  ox 75 

protoxide,  1  tin  +  1  ox 67 

perchlnride,  1  tin  +  8chl...   131 
protocbloride,  1  -»- 1.  ....••.     95 

sulphuret ■••••    75 

Titanium?  144 

Tungsten 96 

bisolpbnret 188 

oxide,  1  t.  +  8ox 118 

Uranium? 185 

oxide? 133 

Water 9 

Yttria 40 

Yttrium 88 

Zinc,  (35  Br.  34  T.J 83 

carbonate 63 

chloride 69 

hydriodate,  dry 167 

iodide 158 

iodate,  dry 806 

nitrate,do ...•    95 

oxalates  do ?'' 

oxide • 41 

phosphate,  dry  ••••..•••«.•     69 

phosphuret 45 

sulphate,dry 81 

crystd.  (7  water). .  144 

sulphite,  dry 7S 

sulphuret 49 

Zirconia 36 

Zircouian •••••••• 88 
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Table,  shawmg  the  Proporikms  in  Volumes  of  several  Compounds 
whose  Elements  are  gaseous, 

nr.  B.    A  Ikble  of  the  Speciic  CSniviiici  of  Gaaci  aay  be  fo«Dd, 
Vol.  I.  p.  140.) 


VlMU 

PrapoitiowiaToluMa. 

Yiliuiii 

Air,  Ataotpberic 

S  Hydrogen  +  1  nitrogen 

2  Hydrogea  -i- 1  oxygen 

1  Vapour  of  carboB  -i-  i  oxygea 
1  Ditto^-ldo 

6 

AJcobolf  vapour «, 

I 

AoiMoate 

2 

Aqocow  ▼apour  (stMUB) 

2 
2 

acid  do 

1 

Po.         do. 

1  Carbontcoxide-t- (oxygea.. 

9  Hydrogea  -i-  1  carboa 

1  Carbonic  acid  +  9  aaunoaia.. 

1  Ditto -ft  do 

1  Ditto  +  14  do. .«.. 

1 

CarlHircted  hydrogea  gat 

bUof  do 

(•olid) 
ditto 

•etqai*of  do 

Chloriae,  protoxide  of,  gai. . . . 

peroxide  of,  do 

Chloric  acid  ▼aooar 

ditto 

1  Oxygea  +  9  chlorine 

2  Ditto  +  1  do 

2 

14Ditto4-ldo 

1 

ether  do.. ••• 

1  01eflantgai+  1  chlorine.... 

1  Carbonic  oxide  +  1  do 

1  Cyanogea  +  1  chloriae 

1  Nitrogen -f  2  carbon 

1  MuriaitcBcidga»  +  2alcoh.. 

2  Oleflant  gat  +  1  aq.  vapour. 
1  Flooboric  acid  +  I  aaaioo .. . 
1   Ditto  +  2  do 

Chloroeyanic  acid  vapoar 

Cvanocen  sat 

2 
2 
1 

Ether,  mariatic,  vapoor    

•olphuric  do 

2 
1 

Flooboraie  of  ammoDia 

tab.  of  do 

(•olid) 
ditto 

Hydriodic  acid  gat 

1  Hydrogen  +  1  iodine 

1  Cyanogen  -i- 1  hydrogen 

UOxvcen  +  1  Iodine 

2 

Hydrocyanic  acid  vapoar 

Iodic  acid 

2 

Mariatic  acid  gas... 

Muriate  of  amaionia 

1  Muriatic  acid  -t-  laaMBoBia.. 

1  Nitrogen  +  2^  oxygen 

1   Ditto  +  2    do 

1   Ditto  +  Udo 

(lOlid) 

Kitrtc  acid  vapoar 

)titroataciddo 

1 

Hyponitroat  do 

1 

Nitroat  gai •... 

1   Ditto  4.  1    do 

2  ' 

oxide  gat ,.,. 

1   Ditto  4- 1   do 

1 

OleAant  gat ,, 

2  Carbon  +  2  hydrogen 

2  Hydrogen  +  1  photpharet.. . 
1   Ditto  4*  1   do 

1 

Bipliotpfaareted  do,  

I 
1 

Sulphareted  hydrogen  gat 

Bolaharoat  acid  do 

1  Sulphur  +  1  hydrogen 

1  Ditto  -I*  1  oxvfcn  ..•......•• 

1 
1 

Bulpbaric  acid  vapour 

•alphuret  of  carbon  vapoar. . .  • 

2  Bulphuroaf  acid  -f  1  oxygea.. 
1  Carbon -f  2  sulphur 

2 

2 
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TABLB  OF  THE  DBKSIT1B8  09  OIL  OF  VITRIOL|  &C.  64rl 


Table  of  the  QuanlUy  of  Oil  of  Filriol  (sp.  gr.  1.8485),  and  of 
Dry  Sulphuric  Acid^  in  100  Parts  by  Weight  of  diluted  Acidy 
at  different  Densities.    By  Dr.  Urb, 

(Quarterly  Journal  of  Scienoe^  &c.  ir.  129.} 


LIqold. 

Sp.  or. 

Dry. 

juqald 

Sp.  Or. 

Diy. 

Uqoid 

Sp.  Qr» 

Dry. 

100 

1.8485 

81.54 

66 

15503 

53.82 

32 

1.2334 

26.09 

99 

1.8475 

80.72 

65 

1-5390 

53.00 

31 

1.2260 

25.28 

98 

1.8460 

79.90 

64 

1.5280 

52.18 

30 

1.2184 

24.46 

97 

1.8439 

79.09 

63 

1.5170 

51.37 

29 

1.2108 

23.65 

96 

1.8410 

78.28 

62 

1.5066 

50.55 

28 

1.2032 

22.83 

95 

1.8.176 

77.46 

61 

1.4960 

49.74 

27 

1.1956 

22.01 

94 

1.8336 

76.65 

60 

1.4860 

48.92 

26 

1.1876 

21.20 

93 

1.8290 

75.83 

59 

1.4760 

48.11 

25 

1.1792 

20.38 

92 

1.8233 

75.02 

58 

1.4660 

47.29 

24 

1.1706 

19.57 

91 

1.8179 

74.20 

57 

1.4,560 

46.48 

23 

1.1626 

18.75 

90 

1.8115 

73.39 

56 

1.4460 

45.66 

22 

1.1549 

17.94 

89 

1.8043 

72.57 

55 

1.4360 

44.85 

21 

1.1480 

17.12 

88 

1.7962 

71.75 

54 

1.4265 

44.03 

20 

1.1410 

16.31 

87 

1.7870 

70.94 

53 

1.4170 

43.22 

19. 

1.1330 

15.49 

86 

1.7774 

70.12 

52 

1.4073 

42.10 

18 

1.1246 

14.68 

85 

1.7673 

69.31 

51 

1.3977 

41.58 

17 

M165 

13.86 

84 

1.7570 

68.49 

50 

1.S884 

40.77 

16 

1.1090 

13.05 

83 

1.7465 

67.68 

49 

1.8788 

39.95 

15 

1.1019 

12.23 

82 

1.7860 

6e-S6 

48 

1.3697 

39.14 

14 

1.0953 

11.41 

81 

1.7245 

66.05 

47 

1.3612 

38.32 

13 

1.0887 

10.60 

80 

1.7120 

65.23 

4^ 

1.3530 

37.51 

12 

1.0809 

9.78 

79 

1.6993 

64.42 

45 

1.3440 

36.69 

11 

1.0743 

8.97 

78 

1.6870 

63.60 

44 

1.3345 

35.88 

10 

1.0682 

8.15 

77 

1.6750 

62.78 

43 

1.3255 

35.06 

9 

1.0614 

7.34 

76 

1.6630 

61.97 

42 

1.3165 

34.25 

8 

1.0544 

6J;2 

75 

1.6520 

61.15 

41 

1.3080 

33.43 

7 

1.0477 

5.71 

74 

1.6415 

60.34 

40 

1.2999 

32.61 

6 

1.0405 

4.89 

73 

1.6321 

59.52 

39 

1.2913 

31.80 

5 

1.0336 

4.08 

72 

1.6204 

58-7 1! 

38 

1.2826 

30.98 

4 

1.0268 

3.26 

71 

1.6090 

57.89 

37 

1.2740 

30.17 

S 

1.0206 

2.446 

70 

1.5975 

57.08 

36 

1.2654 

29.35 

2 

1.0140 

1.63 

69 

1.5868 

56.26 

35 

1.2572 

28.54 

1 

1.0074 

0.81/^ 

68 

1.5760 

55.45 

34 

1.2490 

27.72 

67 

1.5648 

54.63    33  |1.2409| 

26.91 
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APPBKDIX. 


TiJfle  showing  the  Proportion  of  real  or  dry  Nitric  Add  in 
100  Paris  of  the  liquid  ^cid,  at  successive  Specific  Qnwities, 
By  Dr.  Ube.» 

(Quarterly  Juaroal,  iv.  297.) 


apMMe 

Acid  U  100. 

Spedie 

Add  hi  100. 

SpetMe 

AcidiBlO«L 

eravHr* 

GraTiij. 

OnvKj. 

1.5000 

79.700 

1.3783 

52.602 

1.1838 

2.'i.504 

1.4M0 

78.903 

1.3732 

51.805 

1.1770 

24.707 

1.4960 

78.106 

1.8681 

51.068 

1.1709 

83.910 

\A9iO 

77309 

1.3630 

50.211 

1.1648 

83.1  IS 

U910 

76.513 

1.8579 

49.414 

1.1587 

88.316 

1.4880 

75.715 

1.3529 

48.617 

1.1586 

21.519 

1.4850 

74.918 

1.3477 

47.820 

1.1465 

80.788 

1.48S0 

74.121 

1.8427 

47.028 

1.1408 

19.985 

1.4790 

73.824 

1.3376 

46.226 

1.1345 

19.188 

M70O 

72.527 

1.3828 

45.429 

1.1286 

18.831 

1.4790 

71.730 

1.3270 

44  632 

1.1227 

17.534 

1.4700 

70.933 

1.3216 

43.835 

1.1168 

16.787 

1.4870 

70.136 

1.3163 

43.038 

1.1109 

15.940 

1.4640 

69.889 

1.3110 

49.241 

1.1051 

15.143 

1.4600 

68.548 

1.3056 

41.444 

1.0993 

14.346 

14570 

67.745 

1.3001 

40.647 

1.0935 

13.549 

1.4580 

66.048 

1.2947 

89.850 

1,0878 

18.768 

1.4500 

66.155 

1.2887 

99.053 

1.0821 

11.955 

1.4460 

65.354 

1.2826 

88.256 

1.0764 

11.158 

1.44S4 

64.557 

1.2765 

37.459 

1.0708 

10.361 

1.4886 

63.760 

1,2705 

86.662 

1.0651 

9.564 

1.4346 

02.963 

1.2644 

85.865 

1.0595 

8.767 

1.4306 

62.166 

1.2583 

85.068 

1.0540 

7.970 

1.4869 

61.369 

1.2523 

34.271 

1.0485 

7.173 

1.4928 

60.672 

1.2462 

33.474 

l.OWO 

6.376 

1.4189 

59.775 

1.9408 

32.677 

1.0375 

5.579 

1.4147 

58.978 

1.2341 

31.880 

1.0320 

4.789 

1.4t07 

58.181 

1.2277 

31.083 

1.0267 

8.985 

1.4065 

57.384 

1.2212 

30.286 

1.0212 

3.188 

1.4098 

56.587 

1.2148 

29.489 

1.0159 

8.391 

1.8978 

55.790 

1.2084 

28.692 

1.0106 

1.594 

1.8945 

54.093 

1.2019 

97.895 

1.0063 

0.79T 

1.8889 

54.196 

1.1956 

27.098 

1.88S3 

53.899 

1.1895 

26^301 

•  Id  tbh  T«lile,  tlie  real  acid  in  oUric  acid  of  tpeclflc  gravity  1.5  b  rated  at 
4.8  per  cent,  more  tbaa  ii  coDtaioed  io  ii  according  to  Dr.  Wollagton  and  Mr. 
Pliillipi,  tlic  mean  of  whose  nombera  is  25.1  water  -l-  74.9  acid  in  100  parts  of 
acid  of  Cliatdeosity.  The  numbers  in  the  Table  will,  I  believe,  however,  l>e 
very  near  the  troth.  If  reduced  at  the  rate  of  6  per  cent.  Thus  6  per  cent,  oa 
79.7  it  4.782 1  an^  79.7  -  4.788  =-  74.918,  which  if  very  near  the  true  number. 
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TABLE  OV  THB   DB^SltnM  Ot  OIL  OF  VITRIOL,  &C.  64S 

Table  of  the  Quantily  of  real  or  dry  Mtariatic  Add  t«  100 
ParU  ^  the  liquid  Jcid,  at  successive  Specific  Gravities. 
By  Db.  Ube.* 

(TbouMn*!  Annals  of  Pbilotophy,  z.  371.) 


BpMMt 

Add  la 

BpecMe 

AoMlb 

Speeiio 

Addte 

Qnrltj. 

loo. 

GntTltj. 

IOt>. 

Gravity. 

100. 

1.1920 

28.30 

1.1272 

18.68 

1.0610 

9.05 

1.1900 

28.02 

1.1253 

18.39 

1.0590 

8.77 

1.1881 

27.13 

1.1233 

18.11 

1.0571 

8.49 

M869 

27.45 

1.1214 

17.83 

1.0552 

8.21 

1.1845 

27.17 

1.1194 

17.55 

h0533 

7.92 

1.1827 

26.88 

1.1173 

17.26 

1.0514 

7.64 

1.1808 

26.60 

1.1155 

16.98 

1.0495 

7.36 

1.1790 

26.32 

1.1134 

16.70 

1.0477 

7.0T 

1.177« 

26.04 

1.1115 

16.41 

1.0457 

6.79 

1.1753 

25.75 

1.1097 

16.13 

1.0438 

6.51     ^ 

1.173ft 

25.47 

1.1077 

15.85 

1.0418 

6.28 

1.1715 

25.19 

1.1058 

15.56 

1.0399 

5.94 

K1698 

24.90 

1.1037 

15.28 

1.0380 

5.66 

1.1679 

24.62 

1.1018 

15.00 

1.0361 

5.38 

1.1661 

24.34 

1.0999 

14.72 

1.0342 

5.09 

1.1642 

24.05 

1.0980 

14.43 

1.0324 

4.81 

1.1624 

23.77 

1.0060 

14.15 

1.0304 

4.53 

1.1605 

23.49 

1.0941 

13.87 

1.0285 

4.24 

1.1587 

23.20 

1.0922 

13.58 

1.0266 

3.96 

1.1568 

22.92 

1.0902 

13.30 

10247 

3.68 

1.1550 

22.64 

1.0683 

13.02 

1.0228 

3.39 

1.1531 

22.36 

1.0863 

12.73 

1.0209 

3.11 

1.1510 

22.07 

1.0844 

12.46 

1.0190 

8.83 

1.1491 

21.79 

1.0823 

12.17 

1.0171 

2.55 

1.1471 

21.51 

1.0805 

11.88 

1.0152 

2J26 

1.1452 

21.22 

1.0785 

11.60 

1.0133 

1.98 

1.1431 

20.94 

1.0765 

11.32 

1.0114 

1.70 

1.1410 

20.66 

1.0746 

11.04 

1.0095 

1.41 

1.1391 

20.37 

1.0727 

10.75 

1.0076 

1.13 

1.1371 

20.09 

1.0707 

10.47 

1.0056 

0.86 

1.1351 

19.81 

1.0688 

10.19 

1.0037 

0.56 

1.1332 

19.53 

1.0669 

9.90 

1.0019 

0.28 

1.1312 

19.24 

1.0649 

9.62 

1.0000 

0.00 

1.1293 

18.96 

1.0620 

9.34 

*  The  data,  on  which  this  Table  la  founded,  were  obtained  bj  sntnrating 
different  bases  wiih  known  quantities  of  mnriatic  acid,  specific  fravity  1.192» 
and  aicertalnin|r  the  weights  of  the  dry  products.  For  example,  100  fntflf  of 
such  acid  gave  60.61  grains  of  dry  commob  salt.  Which,  on  th^  old  theory,  may 
consist  of  82.31  soda  +  28.3  muriatic  acid,  or,  according  to  the  new  ▼lew,  of 
84.244  sodium  +  36.366  chlorine,  equivalent  to  37.376  mnriatic  iicid.  Ad* 
miltlDf  ebon  the  data  to  be  correct,  the  composition  of  muriatic  acM  of  dlfor* 
cut  deasillfs  will  require  the  numben  to  be  altered,  to  suit  the  views  of  tlKMo 
who  embrace  the  new  doctrine  respecting  chlorine.  This  may  be  done  by  the 
role  of  proportion  ;  for  as  37.376 :  28,3,  so  is  any  number  Mo^  28,3  In  the 
Table  to  the  number  requtrrd*    (H.) 
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APPBNDIZ. 


Colour  of  Predpitales  thrown  down  from  Metallic  Sohir- 
lions^  by  various  Reagents, 


MeUlt. 

TiMtaMoT 
Gdb. 

nMwMi 

Mfimels. 

Antimony 

White 

A  white  oxide 
merely  from 
dilution 

Orange 

Orange 

Araenic 

White 

little  change 

YeUow 

Yellow 

Bismuth 

White 

Orange 

Black 

Black 

Cadmiam 

White 

No  change 

Orange 

Orange 

Cerium 

White 

YeUowish 

BrowUy  b^ 
coming 
deep  green 

Chromium 

Green 

Brown 

Green 

Cobdt 

Grass-green 

YeUowish 
white 

pitated 

Black 

Columbiam 

OiiTe 

Orange 

Chocolate 

Copper  (per-Balts) 

Bright  reddish 
brown 

Brownish 

Black 

BUck 

Gold 

White 

Solution  turn- 
ed green. 
PrecipiUte 
brown  of  re- 
duced gold 

YeUow 

YeUow 

Iridium 

Noprecipitate. 
Colour  dis- 
charged 

Noprecipitate. 
Colour  of  so- 
lutions dis- 
charged 

C\.  Proto^lts 
Iron-? 

Ijt.  Per-salts 

White,  chang- 
ing to  blue. 
Deep  blue 

No  precipi- 
tate.   Black 

Not  preci- 
pitated 

Black 

Lead 

White 

White 

Black 

Black 

iManganeia 

White 

Not  preci- 
pitated 

White 
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Colour  of  Precipitates  from  Metallic  Solutions^  ®c.— 
Contifiued. 


Mctali. 

TiKt«m«r 
Gallt. 

aatedwHIi 
Hj4r«tM. 

Hjdf«. 

Mercury 

White,  chang- 
ing to  yellow 

Orange  yel- 
low 

Black 

Brownish 
black 

Molybdenum 

Brown 

Deep  brown 

Brown 

Nickel 

Apple-green 

Grayish  white 

Not  preci- 
pitated 

Black 

Osmiom 

Purple,  chang- 
ing to  deep 
vivid  blue 

Olive.*    Deep 
oranget 

Dark  brown 

Dark  brown 

Platinum 

No  precipit. ; 
but  an  orange 
coloured  one 
by  pruss.  of 
mercury 

Dark  green 
becoming 
paler 

Precipitated 
in  a  metal- 
lic state 

' 

Rhodium 

No  precipitate 

No  precipit. 

Silver 

White 

Yellowibh 
brown 

Black 

Black 

Tellurium 

Nu  precipitate 

YeUow 

Blackish 

Tin 

White 

No  precipitate 

Brown 

Black 

Titanium 

Keddiih 
brown 

Reddish 
brown 

Not  pred. 
pitated 

Grass-green 

Tungsten 

Uranium 

Blood-red 

Chocolate 

Brownish 
yellow 

Zinc 

White 

No  precipitate 

Yellow 

White 

•  Oieoevlx. 


t  Wollastoa. 
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APVWOUt. 


Talk  qf  SimpU  AffiaUy.* 


Arsenic 

OXTOEK. 

OXYOEN.t 

NITROGBN. 

Molybdena 

Metallic  bases 

Titanium 

Oxygen 

Sufpnur? 

Phosphorus 

of  the  alkalis 
and  earths 

Manganese 
Zino 

Carbon 

Iron 

Hydrogen 

POTASSA9SODA, 

Manganese 

Tin 

AND  AMMONIA. 

Zinc 

Uranium 
Molybdenum  ' 

Iron 

Acids. 

Tin 

Tungsten 
Cobalt 

HYDROGEN. 

Sulphuric 

Antimony 

Nitric 

Hydrogen 

Antimony 

Sulphur 
Carbon 

Muriatic 

Phosphorus 

Nickel 

Phosphoric 

Sulphur 

Arsenic 

Fluoric 

Arsenic 

Chrome 

Phosphorus 

Oxalic 

Nitrogen 
Nickel 

Bismuth 

Nitrogen 

Tartaric 

Lead 

Arsenic 

CnViqll- 

wr\Y\T\tit* 

S||#*/%|r|i/» 

Copper 

Tellurium 

Citric 

Bismuth 

Platinum 

SULPHUR. 
PHOSPHORUS  ? 

Lactic 

Caloric? 

Mercury 

Benzoic 

Mercury 

Silver 

Potassa 

Sulphurous 

Silver 

Gold 

Soda 

Acetic 

Arsenious 

Iron 

Mucic 

acid 
Nitric  oxide 

Copper 
Tin 

Rni"ft/*ip 

Nitrous 

Gold 

CARBON. 

Lead 

Carbonic 

Platinum 

Silver 

Prussic 

Carbonic* 

Oxygen 

Bismuth 

Oil 

oxide 

Iron 

Antimony 

Water 

Hydrogen 

Mercury 

Sulphur 

*  This  uble,  it  may  be  necessary  to  observe,  does  not  express  accarately 
the  covuparative  affinities  of  bodies,  but  denotes,  merely  the  actual  order  ^f 
deeompoiitian^  which,  as  Berthollet  has  shown,  may  often  be  contrary  to  that 
of  affinity,  owing  to  the  influence  of  various  extraneous  foroes.  A  valuabl* 
TaWe  of  Elective  Attractions,  numerically  represented  by  Dr.  Young,  may 
be  found  in  the  Phil.  Trans,  for  1809,  or  in  Nicholson*s  Journal,  8vo.  xxiii. 
354.  The  length  of  the  uble^  and  of  the  explanation  which  should  accom- 
pany  it,  prevent  me  from  giving  it  a  place  in  this  Appendix. 

f  Vauqaelin's  table  of  the  affinity  of  the  metals  for  oxygen,  according  to 
the  difficulty  with  which  their  oxides  are  decomposed  by  heat. 
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Acids* 

Adds. 

BARYTA. 

Muriatic 

MAGNESIA, 

Citric 

Adds. 

Succinic 

Adds. 

Phosphoric 
Lactic 

Sulphuric 

Acetic 

Oxalic 

Oxalic 

Arsenic 

Phosphoric 

Benzoic 

Succinic 

Boracic 

Sulphuric 

Acetic 

Fluoric 

Carbonic 

Fluoric 

Boracic 

Phosphoric 

Water 

Arsenic 

Sulphurous 

Mucic 

Mucic 

Nitrous 

Nitric 
Muriatic 

Succinic 

Nitric 

Carbonic 
Prussic 

Suberic 

LIME. 

Muriatic 

Citric 
Tartaric 

Tartaric 
Citric 

Adds, 

Arsenic 

Oxalic 

Malic? 

SILICA. 

Lactic 
Benzoic 

Sulphuric 
Tartaric 

Lactic 
Benzoic 

Fluoric  acid 
Potassa 

Acetic 

Succinic 

Acetic 

Boracic 
Sulphurous 

Phosphoric 
Mucic 

Boracic 
Sulphurous 

Nitrous 

Nitric 

Nitrous 

Carbonic 

Muriatic 

Carbonic 

OXIDE  OF  PLA- 

Prussic 

Suberic 

Prussic 

TINUM. 

Sulphur 

Fluoric 

Sulphur 

GOLD.* 

Phosphorus 

Arsenic 

* 

Gallic  acid 

Wftfcer 

w  .tkof\o 

Muriatic 
Nitric 

Fixed  oils 

Citric 

Malic 

ALUMINA. 

Sulphuric 

Benzoic 
Acetic 

Arsenic 
Fluoric 

Acids. 

STRONTIA. 

Boracic 

Sulphuric 

Tartaric 

Sulphurous 

Nitric 

Phosphoric 
Oxalic 

Acids, 

Nitrous 

Muriatic 

Sulphuric 

Carbonic 

Oxalic 

Citric 

Phosphoric 
Oxalic 

Prussic 

Arsenic 

Acetic 

Sulphur 

Fluoric 

Succinic 

Tartaric 

Phosphorus 

Taitaric 

Prussic 

Fluoric 

Water 

Succinic 

Carbonic 

Nitric 

Fixed  oil 

Mucic 

Ammonia 

*  Omitting  the  oxalici  citrici  succinic;  aod  carboniC|  and  adding  lulphii^ 
reted  hydrogen  after  ( 
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Table  of  Simple  jijgbiiiy^—Cantinyed. 


o3an>B  or  sil- 

▼EB. 

Gallic  acid 

Muriatic 

Oxalic 

Salpharic 

Mode 

Phoophoric 

Sulphurous 

Nitric 

Arsenic 

Fluoric 

Tartaric 

Citric 

Lactic 

Succinic 

Acetic 

Prussic 

Carbonic 

Ammonia 


OXIDE  OF  MSB' 
CUBT. 

Gallic  acid 

Muriatic 

Oxalic 

Succinic 

Arsenic 

Phosphoric 

Sulphuric 

Mucio 

Tartaric 

Citric 

Malic 

Sulphurous 

Nitric 


Flnoric 

Acetic 

Benzoic 

Boracic 

Prussic 

Carbonic 


Oxalic 

Tartaric 

Muriatic 

Sulphuric 

Mucic 

Nitric 

Arsenic 


OXIDE  OFLEAD. 

Gallic 

Sulphuric 

Mucic 

Oxalic 

Arsenic 

Tartaric 

Phosphoric 

Muriatic 

Sulphurous 

Suberic 

Nitric 

Fluoric 

Citric 

Malic 

Succinic 

Lactic 

Acetic 

Benzoic 

Boracic 

Prussic 

Carbonic 

Fixed  oils 

Ammonia 


OXIDE  OF  COP- 
PER. 

Gallic 


Water 


one 
Succinic 
Fluoric 
Citric 
Lactic 
Acetic 
Boracic 
Prussic 
Carbonic 
Fixed  alkalis 
Ammonia 
Fixed  oils 


OXIDE   OF    AR- 
SENIC. 

Gallic    > 

Muriatic 

Oxalic 

Sulphuric 

Nitric 

Tartaric 

Phosphoric 

Fluoric 

Succinic 

Citric 

Acetic  ' 

Prussic 

Fixed  alkalis 

Ammonia 

Fixed  oils 


OXIDEOFIRON. 

GaUic 

Oxalic 

Tartaric 

Camphoric 

Sulpnuric 

Mucic 

Muriatic 

Nitric 

Phosphoric 

Arsenic 

Fluoric 

Succinic 

Citric 

Lactic 

Acetic 

Boracic 

Prussic 

Carbonic 


OXIDE  or  TIN. 

Gallic 

Muriatic 

Sulphuric 

Oxalic 

Tartaric 

Arsenic 

Phosphoric 

Nitric 

Succinic 

Fluoric 

Mucic 


*  Beigman  placss  the  tartaric  before  the  muriatic* 
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Table  of  Simple  Jffinity^ — Continued. 


Citric 

Lactic 

Acetic 

Boracic 

Prussic 

Ammonia 


OXIDE  OF  ZINC. 

Gallic 

Oxalic 

Sulphuric 

Muriatic 

Mucic 

Nitric 

Tartaric 

Phosphoric 

Citric 

Succinic 

Fluoric 

Arsenic 

Lactic 

Acetic 

Boracic 

Prussic 

Carbonic 

Fixed  alkalis 

Ammonia 


Benzoic 

Oxalic 

Sulphuric 

Nitric 

Tartaric 

Mucic 

Phosphoric 

Citric 

Succinic 

Fluoric 

Arsenic 

Lactic 

Acetic 

Boracic 

Prussic 

Fixed  alkalis 

Ammonia 


OXIDE   OF    AN- 
TIMONY. 

Gallic 
Muriatic 


SULPHUROUS 

ACID. 

SUCCINIC.f 

Baryta 

Lime 

Potassa 

Soda 

Strontia 

Magnesia 

Ammonia 

Glucina 

Alumina 

Zircon  ia 

Metallicoxides 


PHOSPHOROUS  ' 
ACID. 

Lime 

Baryta 

Strontia 

Potassa 

Soda 

Ammonia 

Glucina 

Alumina 

Ziroonia 

Metallicoxides 


SULPHURIC 

ACID. 
PRUSSIC* 

Baryta 

Strontia 

Potassa 

Soda 

Lime 

Magnesia 

Ammonia 

Glucina 

Yttria 

Alumina 

Zirconia 

Metallicoxides 


PHOSPHORIC 

ACID. 

CARBONIC.j: 

Baryta 

Strontia 

Lime 

Potassa 

Soda 

Ammonia 

Magnesia 

Glucina 

Alumina 

Zirconia 

Metallicoxides 

Silica 


NITRIC   ACID. 
MURIATIC.*^§, 

Baryta 

Potassa 

Soda 

Strontia 

Lime 

Magnesia 

Ammonia 

Glucina 

Alumina 

Zirconia 

Metallicoxides 


PLUORIC  ACID. 

BORACIC |[ 

ARSKNIC % 

TUNGSTIC 

Lime 


*  With  the  omission  of  all  after  ammonia. 

f  Ammonia  should  come  before  magnesia ;  and  strontia,  glucina,  and 
zirconia  should  be  omitted. 

X  Magnesia  should  stand  above  ammonia,  and  alomina  and'silica  should 
be  omitted. 

$  Ammonia  should  stand  above  magnesia. 

II  Silica  should  be  omitted,  and  instead  of  it,  water  and  alcohol  be  in- 
serted. 

%  Except  silica. 
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Table  of  Simple  jiffimttff^Cantmued. 


BaryU 

Strontia 

Magnesii^ 

Potassa 

Soda 

Ammonia 

Gluciaa 

Alumina 

Zirconia 

Silica 

Zirconia 

Soda 

Ammonia 

Baiyta 

Lime 

Magnesia 

Alumina 

Ma^esia 

Oxide  of  mer- 
cury 

Other  metallic 
oxides 

Alumina 

OXALIC  ACID, 

TARTARIC — 

CITRIC — t- 

Lime 

Baryta 

Strontia 

Magnesia 

Potassia 

Soda 

Ammonia    . 

Alumina 

Metallicoxides 

Water 

Alcohol 

ALCOHOL. 

Water 
Ether 
Volatile  on 
Akaline  sul- 
phurets 

CAMPHORIC 
ACID. 

Lime 

Potassa 

Soda 

Baryta 

Ammonia 

Alumina 

Magnesia 

ACBnc  ACID. 

SUBBRIC* 

Baryta 

Potassa 

Soda 

Strontia 

Lime 

Ammonia 

Magnesia 

Metallicoxides 

Glucina 

Alumina 

SULPHU- 

RBTBD 

HYDROGBN. 

Baryta 

Potassa 

Soda 

Lime 

Ammonia 

Magnc»ia 

Zirconia. 

FIXED  OIL. 

Lime 
Baryta 
Potassa 
Soda 

BENZOIC  acid: 

White  oxide 

of  arsenic 
Potassa 

^  With  Um  omitMon  of  stpootia,  metallic  oxidM^  ^udoa^  and  urconia. 
f  Zirconia  aftw  aluoiina* 
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TABLE 

Showing  the  Composition  of  several  of  the  principal  Mineral 

fVaters. 

[N.  B.  The  temperature,  nhen  not  exprened,  li  to  be  nndentdod  te  be4(H' 
or  50^  Fahrenheit.] 

I.  Carbonated  Waters. 


ScLTSFK.    Bergman. 

In  CMh  wise  pint. 
Carbonie  acid IT  cab.  in 

Specific  Gmvltjr  l.OOrT 

Carbonate  of  soda 4  grs. 

-  of  magnesia  •••...     6 

of  lime S 

Chloride  of  todinm 17 

. X9 


CAnunAD  (Temperature  1650  Faht.) 

Bcrselim, 

la  a  wine  pint. 

Carbonic  acid 5  cub.  in. 

In  1000  parts  by  weight. 

Sulphate  of  soda 8 J>87 14  grs. 

Carbonate  of  soda 1 .85200 

Chloride  of  Bodiom  ••..  1.04803 

Carbanate  of  lime 0.SISI9 

Floaieofdo aOOSSl 

Phosphate  of  do 0.00019 

CarboBa(e4)f  strontia. . .  a00097 

of  magnesia  •  0.18881 

Phosphate  of  alumina  . .  0.00034 

Carbonate  of  iron 0.00484 

Carbonate  of  manganese,  a  trace 
Silica 0.07504 

5.46656 


8»A.    Bargnan* 

SpMilc  Gravity  UOOlO, 

In  f«h  wine  plat. 

Carbnalcacjd ••  lScub4|«« 

Carbonate  of  soda  ..  • ••  1.5  gr. 

I  I      of  magnesia  ••••..  4.5 

i^oflime 1.5 

Chloride  of  sodium OJS 

Oxide  of  iron 0.6 

as 


PTUtoirr.    Bergman. 

Specific  Gravity  1.0094 

lasMliwlnepiat. 

Carbonic  acid 96  cub.  in. 

Carbonate  of  magnesia  • .  • ,  10,    grs. 

of  lime.... 4.5 

Sulphate  of  magnesia  ,•,..,  $.5 

'■ of  lime   ,,...  8.5 

Chloride  of  sodium  ........  1 .5 

Oxide  of  iron ...,  0.6 

»!6 


Poooa.    Hassenfrats. 
In  Mofa  wine  pint. 
Carbonic  acid 90  cub.  in. 

Carbonate  of  sada   ..  .....  10.   gn. 

of magaesia  ....    1.8 

oflirae,.. 19. 

Chloride  of  sodium ,.    8.9 

Oiideofiron. 8.5 

Silica 0.5 

98i4 
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APPBNDl^. 


CompOsUton  of  Mineral  Waters,— Continued, 

II.   SULPHUHETED   WATERS, 


MX  I.A  Chapmx*.    Bergman. 
Temperatorc  14S<^. 
In  Mch  wine  pint 
SolpVwcted  hydrogen.  ..  5.5  cub. 


MoiFJLT.    Garnet. 


in. 


Carbcnaleofsoda *?\„^"" 

~  of  lime 4.75 

Mariateofsoda ^' 

21.76 

CmELTBirBAMy  Sulphar  Spring. 

Brande  and  Parkee. 

Specific  Gravity  1.0085. 

IneMliwliMpint. 

Carbonic  acid 1.5  cab.  In. 

Sulpboreted  bydrogcn. 


Nitrogen 


0.5  cnb,  la* 


Carbonic  acid   ^-J 

Sulpbureted  hydrogen. .. .   l.« 


Mariate 


ofioda 4.5  grg. 


2.5 


Snipbateofsoda   «S.5  gw. 

..1...^—  of  magnesia 5. 

of  lime.  ....# 1*^ 

Muriate  of  soda 36. 

Oxideofiron ,.     0.3 


'     HAaaocsiTE  ^V^atbi. 

Nem  WtU  at  the  Crown  Jan. 

(Went.  Quart.  Joum.  xv.  82.) 

Specific  Gravity  1.01286  at  69©. 

One  wine  gftlkm  cootnins 

Salphureted  hydrogen  .    6.4    cub.  in. 

Carbonic  acid 5.25 

Aaote 6.5 

Carboieted  hydrogen. .    4.65 

32.8 
Also, 

Muriateofsoda 785.    grs. 

oflime ^1-5 


65. 


LsAMiitGirow,  Sulphur  Water. 

Scudamore. 

Specific  Gravity  1.0042. 

Sulphureted    hydrogen,  quantity  not 

ascertained. 

In  eecb  pint. 

Muriate  of  soda ^\j"' 

. oflime 7.96 

-  of  magnesia  8.80 

Snipbateofsoda H'^O 

Oxideofiron "_*^ 

37.86 


.»— of  magnesia 43. 

Bicarbonate  of  soda 14.75 

864.25 
Old  WelL 
Sp.gr.  1.01324  at  60^. 
Sulphureicd  hydrogen  ..  14.0  cnb.  ia. 

Carbonic  acid 4.25 

Azotic  gas 8. 

Carbttietcd  hydrogea  . .    4.15 

30.4 
Also, 

Muriate  of  soda 752J)  grs. 

oflime «5.75 

— .-  of  magnesia 29.2 

Bicarbonate  of  soda \%M 

859.75 


III.  Saline  Waters. 


Seidutz.    Bergman. 
Specific  Gravity  1.0060. 
In  a  pInC 
Carbonate  of  magnesia. ...      2.5 

,       ■  oflime 0.8 

Sulphate  of  magaesia ISO. 

■  oflime 5. 

Muriate  of  magnesia 4.5 

192.8 


Chbltbhkah,  pure  saline.    Parkes 

and  Brande. 

Specific  Gravity  1.010. 

In  etch  pint. 

Sulphate  of  soda  1^ 

■■  of  magnesia !!• 

oflime 4.5 


Mariateofsoda 50. 

805 
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Composuion  of  Mineral  WcUers^ — Continued. 


LBAMnroTON,  nline.    Seodamorf. 
8peci6c  GravUy  1.0119. 
1b  a  pint. 

Mariate  of  aoda 53.75 

of  lime 28.64 

■  of  magoetia 80. 1 6 

Solpbate  of  soda 7.83 

Oxideofiron atrace 

TlOM 


Lbahinoton,  Lord  Aylesford*t  spring. 
Scodamore. 
Spccifle  gravity  1.0093. 
Inapliit. 

Muriate  of  loda 12.25 

of  lime 28.24 

I  ~  of  magnesia 5.22 

Sulpliateofaoda 32.96 

Oxide  of  iroo atrace 

78.67 

Bristol.    Carrick. 
Temp.  74«.    Specific  gravity  1.00077. 

In  each  pint. 
Garbonicacid  3.5  cob.  ia. 

Carbonate  of  lime  .......  1.5  grs. 

Solpbate  of  soda    1.5 

oflime   1.5 

Mnriateofsoda.... 0.5 

Muriate  of  magnesia I. 

6.0 

Bath.    Pbillips. 
Temp.  109O  to  117^    8p.  grav.  1.002. 

In  each  pint. 
Carbonic  acid 1.2  cub.  io. 

Carbonate  oflime 0.8 

Sulphate  of  soda   1.4 

■  oflime 9.3 

Muriate  of  soda 3.4 

Milica 0.2 

Oxide  of  iron atrace 

16J 


Bath.    Solid  contents.  Scudamore. 

5Iuriate  of  lime 1.2    grs. 

—  of  magnesia  ....     1.6 


Sulpbate  oflime 9.5 

of  soda 


Silica 

Oxide  of  Iron 

Loss,  partly  carb.  of  soda 


9 
.2 

.01985 
.58015 


IK 


Buxton.    Scodamore. 
Sp.  gr.  at  60<*.  1.0006.  Temp.  82o, 
In  a  wlna  gallon. 

Caibonicacid 1.5   cub.  iiw 

Nitrogen ...••  4.64 

Muriate  of  magnesia 58  grs« 

of  soda 2.40 

Sulphate  of  lime 6 

Carbonate  of  do 10.40 

Extractive  and  vegetable  >  ^^^ 

matter  J  "•"" 

Loss 0.52 

15. 

Or,  according  to  Dr.  Murray's  vlewi« 

Sulphate  of  soda 0.63 

Muriate  of  lime 0.57 

-^— —  of  soda 1.80 

of  magnesia 0.58 

Carbonate  of  lime 10.40 

Extract  and  loss 1.02 

15.00 


Matijock  uath.    Scodamore. 
Temp.  680.     Sp.  gr.  1.0003. 
Free  carbonic  acid. 
Muriates  and   }  magnesia,  lime,  and 

sulphates  of  >    soda  ? 
in  very  minute  quantities  not  yet  as« 
certaincd. 
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ComposUion  of  Mineral  JfaCers^ — Continued. 
IV.  Chalybeate  Watebs. 


TcnnuuDOB.    Bcudamore, 
Specific  gratity  1«0007. 


VfiriACe«fio<lA   S.46 

*«flin» 0J9 

-of  magnesia 0.29 

StdplmieoriiRie 1.41 

CarbonaAa^fliaM  ..««•««•  0.27 

Oxideofiron    2.22 

Traces  of  naoganese,  Te-J    ^^a 

getable  fibre,  sfilea»&e.{    "*** 

Loil i4.i 0.19 

—        rei 

CBnrBf HAW.    Braode  and  ParkM. 

Specific  gtaTUy  1.0092. 

In  A  pint. 

CarboAteacid  2.6  cab.  in. 

Carbonaleof  soda 0.5 

Solpliateorsoda 22.7 

— >»^^  of  magnesia 6. 

'  of  lime 23 

MnriateOfsoda   41.3 

Oxide ofiroti  0.d 


Baravroir.    Mftrcet. 

Specific  gravity  l.OOlOfi. 

Carbonic  acid  j|as 2|  cib.  ia. 

Sulphate  of  iron  •• 1.80  gn. 

of  lime 4.09 

Muriate  of  soda  .  • 1.63 

■  of  magnesia  .•••..  0»75 

Silica 0.14 

Loss 0.19 

•         siio 


Hauiooatb,  Oddie^i  chalybeate. 
Scndamore, 
Specific  gravity  1.0053. 
In  cadi  galloB. 

Muriate  of  soda 300.4 

of  lime •    22. 

of  magnesia......      9.9 

Sulpliafeof  lime.... 1.86 

Carbonate  of  do.    ..«•«••.      ^7 
■■■  ■        '  of  magnesia. ...      0.S 

Oxide  of  iron 2.40 

Residie,  chiefly  silica  ....        .40 

344.46 
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TABLE 


SHOWING  THB 


PRINCIPAL  CHARACTERS  OF  THE  EARTHS  AND  METALLIC 
OXIDES  BEFORE  THE  BLOWPIPE.* 


•,  ABBMviATioya— O.  P.  OxUating  Home,  R.  F.  lUUHng  Flame*  »  pMti| 
equal  Part*  of  the  Assay  and  Fhx.  N.  C.  NUraie  tf  Cobatt.  PL  Flaming,  C.  under 
the  Column  of  either  of  the  Fbueee  means  that  the  Support  is  Charcoal.  P.  F.  Pbaina 
FoU.  P.  W.  Phiina  Wire.  A  Brace  {  refsrs  to  the  Substances  in  ihe first  Column  M^ 
and  includes  all  these  which  are  contained  in  the  Space  it  comprehendsm  ' 


ASAAT. 

Heated  j 
Plativa. 

hLOJfH  OK 

COAmCOAL. 

Alkalii 

Infbuble 

Bubbles  uii  and  fiites 

Fuses  readily  into  a  deat  gUw; 
enamel-white  on  cooling 

Infusible 

Likebnta 

Fuses  mtb  moderate  heat  at  the 
suifaoe,    gtvat    briUiancy)     tinsts 

No  change 

Becomes   canstie    and    alkaline; 
emits  brilliant  white  light 
No  change 
No  change 
No  change 
No  change 

Infusible  1  emits  intense  light 
No  change 

on  cooling ;  in  R.  F.  blue ;  intense 
heat)  brown 

R.  F.  blaekens,  but  not  leduced 

No  change 

Bttvtft  •  ••••••••  •• 

Inftisible 
Is  absorbed 

Inliisibia 

Hydrate 

Carbonate  .,.,,. 

SCrontia •  • . 

Hydrate 

CurUmate 

Lime 

Carbonate 

Magiicwi. 

AlttiiiiiM 

Gludna •• 

Yuria 

No  change 
No  change 
No  change 
No  change 

IniusiUe;  emitointeMiliAht 
Nodiange 

Fuses,  and  is  absorbed,  andpattif 
reduced 

The  same 
Th«8aib6 

Ziroonia ..•• 

Silica 

3lQl7bdicadd.... 

Tungsdcadd 

Oxide  of  dltMXie... 

•  From  Mr.  Childien*s  Translation  of  '<  The  Use  of  the  Blowp^  in  ChcnM  Analrm^ 
and  ia  tbeHxamiDatioa  of  Minerals  {  br  J.  J.  B^neliuii'' 
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Assay. 


Antimonj  ... 
Oif^  of  alimony 

AntHmoniouM  acid. 

AnUmomcacid  ... 

Oxide  of  tdliiriam. 
Oxide  of  oolmnbium 
Oxide  of  dtanium. 
Oxides  of  uranium. 

Oxides  of  cerium . 
Oxide  of  mangsnese 

Oxide  of  nne. 


HSATED  AtONK   OK 

Platika.  Chabcoal. 


Fuses  readily,  and  sublimes,  in 
white  iVmies;  precipitated  oxide^ 
bums  like  tinder  into  antimonious 
sdd 


F.  fuses  and  fumes 
No  change 
No'diange 


Protoxide  becomes  peroxide 


Oxide  of  cadmium. 


Ycilow  while  hot;  white  when 
cold;  does  not  fuse,  but  gives  out 
great  light  when  Tcry  hot,  and  white 
fumes,  which  condense  like  wool 

F.  no  change 


Oxide  of  inm* 


Oxide  of  cobalt  •  . 
Oxide  of  nickel. . . 


OMeofUimuth 


Oxides  of  tin. 


Oxide  of  lead. 


Oxide  of  copper. 


Mercury 

Oxide  of  olYcr 

Gold. 

Platina 

Iridium 

Rhodium 

Palladium  ■ . . . 


Fuses  readily ;  white  fumes,  wfaidi 
condense  into  pearly  oystals 

Fuses  readily,  and  reduces:  co- 
lours Uie  flame  greoush 


Does  not  ftise,  nor  reduee  ;  gives 
a  bright  light 

iiitcns;  is  changed  to  antimo- 
niousadd 

Fuses,  efienreaces,  and  reduces 

The  same 

The  same 

Peroxide      becomes 
bUckens,  but  does  not  fiise 

Peroxide  does  not  alter 

Not  fused;  becomes  brown  in  a 
strong  heat 


O.  F.  no  diange 

No  change 
No  change 


yelk 
heat 


Soon  dissipates;  leaves  a  red  or 
onnge-ydlow  powder  on  tiie  disf - 
coal 

R.  F.  blackens  and  beoomca  mag- 
netic 

O^esame 

The  same 

Flies  off  in  fUmes,  and  leaves  a 
mark  with  red,  or  orange  edges, 
which  may  be  dissipated  in  R.  F. 
without  giving  colour  to  the  f 

Instantly  reduced 


F.  fbses  readily,  mass  dark-brown, 
eUowish  on  cooling.  In  very  intense 
at  reduces,  and  perforates  the  foil 
Protoxide  takes  fire,    and  bums     R.  F.  peroxide  does  not  luae,  bos 


like  tinder  into  peroxide 

Minium  becomes  black  while  hot; 
at  incipient  redness,  changes  to  yd- 
low  oxide,  fusible  into  orange-colour- 
ed glass. 


reduces  in  a  strong  i 

Orange  glass  reduces  into  a  ^ 
buleoflead 


Instantly  reduced 


O.  F.  black  ^obule;  Iknra  over 
the  diarcoal ;  under  surface  redacts 

R.  F.  reduces ;  with  Strang  heat 
gives  a  bead  of  metal 

Instantly  reduced 
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ASSAT. 


8O0A. 


HcATEi>  WITH  Fluxes. 

Salt  op  PflotPBomus. 


Alkalis 

BaiyU  .... 
HydraU,, 
CarbmaU 

Strontk...., 

Hydrate., 
Carbonate  , 


lime 

Cat^oHttU 

MagMwi  .. 


Olueiiu. 


Yttria 

Zireooia 

SiUai 

Motybdkadd. 


Fuse,  and  are   ab. 
•orbed  bjT  the  chanoal 

No  actkm  on  cansdc 
stnmtia 


»  wrts,  ftues  into  a 
dearyaaa,  beeomni  milky 
on  eooling:  in  strong 
heat,  bubbles,  and  ab- 
sorbed by  the  diarooal 

I     No  sensible  quantity 
TdissolYed. 


No 


Alumina Swells  up:  ibims 

inAistbls  compound 


Tungvticadd.  , 


Oxide  of  ciuame« 


Qride  cfantimontf 


No 


Like  gluciaa 
Similar  to  gjiudna 

Fuses  with  brisk  efRv' 
vesoenee;  dear 

P.    W. 
dear    ^ass ;      becomes 
mflky  on  coding 

C.  ftises,abswbedand 
reduced 


Fuse  readfl^  with 
I  eronresccnoe  mio  a 
I  dear  i^ass,  which  be- 
I  comes  opaque  by  Fl 

Like  baryta 


) 


As  widi  botax,  but 
fiMun  and  intumesce; 
end  in  a  dear  glass 


Ditto 


Clear  glass; 
byFI 
Fnsss    with    ( 


opaquel    Fosss  in  laiga  quaa* 

ticyt  dear  glass 

Fuses    with 


bonate  dear  i^aas ;  cryi- 
taUiseson  eooling 
Like  lime 


Fuses  skwlv ;  pcnna- 
nently  dear  glaas 

Clear  glass,    with 
large  proportion   of  the 
assa^ ;  opaoue  by  FI 

Idke  giudna 

Likeglucina 


Fosss  readily; 

;    saturated    with 

opaque     on 

PamaaenHy      dost 

lass 
Aiwitfabons 


Liksf^adna 
Like  giudna,  but  die- 
{solves  more  difficultly 
Fuses    tery    dowly;     Very    small    portion 
permanently  clear  i^ass  dissolves ;  deargjlass 

P.  ir.  dear  gjlass  in     P.  W.  and  m  a  F. 
O.F.  greenish  ^asi  while  hot} 

C.  and  in  R.  F.  ghw  colourless,  cold 


becomes      dirty-brown, 
but  not  opaque 


opaque;  dull  blue  while 
hot;  dear  and  fine  green 


P.  W.  dark-ycOow  P.  W.  and  O.  F.  dear 
dasSycrystaUtses  on  cod- glass;  not  opaque  by  Fl 
ng;  opaque  white  or  yd.     It  F.  pam  becoma 

Irish  ydlow 

C.  and  R.  F.  reduced 

P.ir.andO.F.dark.  C.  fitscs  difficukly, 
orange  glass;  opaque dass emendd-green ;  on 
and  yellow  on  ooolmg      P.  W.  and   O.  F.  the 

R.  F.  opw^ue;  glass  cokmr  flies,  and  jdass  be- 
green  on  cooling  comes  brown-yeuow ;  oo 

C.  absorbed,  but  not  ooding,  assumes  a  faint- 
rsduoed  green  tinge 

P.  M\  ftises ;  dear  oo-     C.  dissolves    in  large 

loorkss   glass    becomes  quantity ;  gjhas  ydlow- 

white  on  cooling  ish,  hot;   almost  coloar. 

C.  is  reduced  less,  odd.    If  saturated, 

part  reduced  and  sub- 

Bmed;  strong  R.  P.,  the 

g^ass  becomes  opaque  and 


OB  cooling 
C*  same  nlicnoiiuna 
O.  F.  yeflowididass 
R.  F.  fine  blue  ^ass 


In    R.    F. 


Green  glass  in   both 


P.W.andO.F,daas 
fsUowish,  hot;  odtas 
flies  on  cooling 


YOL.  II. 


S  U 
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AfSAT. 


8O0Ai 


HsuTXD  wm  Fluxes. 

BOKAX.  |8AX.TOFPB08»HOmVI. 


Antim(mi4tHi  oHd. 

AnOmeme  add  .. 

Oxide  of  tdlurium 


P.W.odloarleasglaas; 
lit*  OB  oodUng « 
C*  ndueed 


Theiame 


Qzideofoolambiiiin 


FuMB   euOy;   g^aa. 


OandtafiiiiDiaBi. 


QiUetoCi 


OaaciQf 


Oiid0«ri 


Oxide  of  smc. 


Oxide  of 


Oxidoofinn 


OfettiofcelMh... 


Oxide  of  nidcd. 


P.  W»  dear,  eolour- 
len  i^an ;  white  on  cooL 
ing 

C>  beoomei  ficy  and 
opaqueb 
Cembines  witb  eficr-     CokMirlen,  dear^ati,     fuaes    eanly;   ; 
vcaookce,  but  not  fiued  beoonwt  opaque  by  fl     pcnnancndj  dear 
or  leduced 

P.  W.  ftiflei,  easDy ;     O.  F.  dear,  rnlnwiWa 
white  oijgM^     liuiBiilBM  t    be-UbMi 

ooms  milk-white  by  Fl      R.  F.  and  on  C.  g^H^ 

R.  F.  glan  assumes  a  Tcllowidi,  hot ;  en  ( 
dazkameuiyBtoolDiir,butmg,'Bntred,  thai 
kno^Moent  fine  hhiish-vkdet 

In  large  quantity  on 
C.  and  R.  F.  ghus,  dull. 
yeDow ;  when  odd,  deep- 
blue 

P.  W.  dark-ydlow  P.  W.  and  O.  F.  dor 
dass ;  in  R,  F.  beoomee  ydlow  glass ;  eold,  atxaw- 
dir^-green  ydlow,  tii^tly  grec 

een  glasa 

O.  F.  fine  nd,  or  deqpT  O.  F.  fine  red  _ 

•erbed;   white  or  gKy<4oEange-ydlew  f^ass;  co-odour^     when  ^ooldy 

*  ite  protoxide  remains  kmr   flies   on    cooUng ;  and  quite  limpid 

the  enifiwe  odd  yeOewish  tint.  £m. 

md  while  by   FL     {n 

R.  F.  loses  it  odour 

Aises,    green     O.  F.  dear,  amethyst     Hie  same,  but  oolonr 

bfash  jodmif  jriass ;  eolour  ifie^  net  so  deep.    In  finioti 

R.  F.  in  O.  F.  boils,  and  giTcs 

offges;    inR.  F.  fiian 

quietly 

O.    F.    fiiscs  easily,     Neariythei 

glass 

hyFl 


Fnaes  into  a  deardaik- 
^bss; 
gRT^wiuie  OB 
sod  ciyitaQiaea  with  en>- 
lutuNi  of  great  heat 

C.  not  redudfale 


C.  bmniydlovi  not 


C.  not  fused,  soda,  ab. 


P.   F. 
B}a8s,diar;Mld, 


C*  not  reduced 


C.  not  fused,  but  re- 
dtMed,  with  flame;  white  dear 
whidi  ■ 

dUcooal 
P.  W.  not  fused  P.  W.  yeUowvh  dassJ    Bisadvia 

C.  reduced,  sublimca,  osloiir  files  on  ooolbg ;  quantity,  dear  | 
and  leares  a  circular  yd-  on  C.  0am  bubUea,  cad-  oodiag,  mUk  y 

fa — s-t. u  wioBk  reduced,  aubUmes, 

and  leaTcs  jdlow  oxide 
O.  F.  AiU  red  gjlasi     Simibr  to  bocax 
eoaacs  dear  and  yd- 
lowidi,  or  ooloiidcBS  by 


C. 


C.  and  R.  F.  bottle- 
green  i^ass,   or  bluish- 


P.   W.   pde^vd  by 


Hght;  grqr,  blwe  giass 


Fuses  icadily»   deep. 


The 


iTioletby 


O.  F.  oiange-ydlow,     As  with  boraau  tet  tkr 
leddish  gUsss    be- oolonr  flics  i 
eoaasl  ysDow,  or  neariy  on  cooling 
polonriesa,  on  cooling  

^.gitized  by  Google 


MBtALllC  OXIB)U  BSfOEX  THB  BIOWPIPS. 


«9 


Assay* 


Soda. 


0£ATSD  WITH  FlVXJSS. 

BosAx.  I8AI.T  oy  PmosFiromirs* 


OxiderfhimmUk. 

OMmci^ 

Oxide  of  lend 

Oxide  flfco^ptr..*, 


JncranpT***  •  •  «•  • 
OxUUnfsBm.. 


OoU 

Pladiia... 
Jridium . . 
Bbodiom. 
Pai 


O.  F.  ooborless  glass 
R.  F.  poiily  reduced) 
mudidj  greyish  glass 


P«  It  .  epervesceS)  tu« 
mified,  infbsible  mass 

C.  readiW  reduced 

P.  W,  dear  ^lass  be- 
oomes     yellowish 
opaque  OB  ooolipg 

C.  faistantly  reduced 

P.W.  fine  green  glass, 
botf  OB  cooliag,  colour, 
less  and  opaque 

G.  absorbed  aad 


Fuses  with  great  diffi- 
culty ;  permaneutlyclear 
glass 

P.  W.    dear    glass, 
and  yellow,  hot;  on  cooliDg, 
odourless 

C.  flows  OTsr  die  sur. 
face  and  reduces 

O.  F.  fine  green  glass, 
whidi  in  R.  F.  becomes  ibx 
odourless,  hot ;  but  dn* 
nabar-red   and    opaque 
when  solid 


O.  F.  ydlowidi  browii 
ghiM,  hots  eokBiiess, 
iut  not  quite  dear,  cdd- 

R.  F.  dear  and  c». 
lourless  glass  hot ; 
opaque     and     greyish- 

As  with  borax 


Oear  eohwilcss  gte 


O.  F.  nmilar  to  bo- 

;  R.  F.  glass  usually 

xed,  opaque,  and  like  an 


O.  F. 

milky, 
cooling^ 
R.  F*  greytsh 


glass  becomes     O.  F.  ydkwish  f  lasa 
r  opaline,   on  viewed    by    transmitted 

li(^t  by  day,  by  candle* 

light  reddish  ^ 
R.  F.  greyish 


Assay. 


Alkolto. 


With  ckthsb.  Reaosmtb. 


a  glolmk  of  4Uffcreot 
ltd  I    colour   fiies  on 


RciffAmKt. 


Tki  aUtaUi  are  not  readily  ^ 
tinsuiahable  by  the  blowpipe.  LithM 
les^ea  a  dull  ydkm  tl»»  ^ 
healed  «o  flsdness  on  pbtmafoiL 
Ammmria  may  be  'a*^  *?J"""g°* 
the  assay  wiA  soda  i  ii  iP»  *  ,* 
pungent  Tapotir,  whidi  turns  the  yd- 
bw  colour  Of    moistened  turmeric 


Alumina, 


Yttria*.**! 
Cinsofft.. 


of 
coding 

N.  C.  exhibit  a  Uad^  or  isiey- 
ish-black  colour  I  donotftistf 

N.  C.  Uack  or  dark«grcy  nitiss, 

N.  C  i  flesh  colottr  whsn  qtc*te 
cold  ^ 

N.  C. ;  fine  blue  gbMS,  with  atrang 
heat  when  cold 

N.  C. ;  black  or  dark  grey  sums 


paper  brown 


•••  .••••« 


The  blue  cdour  is  only  $stioct]y 
Been  by  daylight 


fiv# 
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AtSAT. 

Siliai .TT 

Molybdicadd... 

Tongideacid.... 


N.C.; 
ftued 


Oxide  oftmtkmmy 
Antmotuaut  add 
AntimMie  add  •, , 
Oxide  of  teUarinm.. 


OxideofoQlumbiuiD 
Oxide  of  titamum.. 

Ozidet  of  uranium 
Oxides  of  cerium.. 
Oxide  of  mangeiMM 


Oxide  of  BDC. 
Oxide  of 
Oxide  of  izon 


Oxide  of  oobelt. 
Oxide  of  niattl. 


Ojadaafhiimuth 

Oxidestftin 

Oxide  of  lead.... 
Oxide  of  copper.. 
Hereniy 


With  othkk  RfiAGorTt. 


blue  glsM  when  peiftcdj 


} 


N.  C.  black,  or  gi«yiih4)lM^ 


With    nbcaiboiiate  of 
Uack  gUw  ^vlun  cold 


RxxAun. 


The  port  not  pcdiBcdy  i 
nitnte  of  cobalt,  haa  a  n 
diiagffcablf  colour 

In  the  hidined  glass  tiibe^  Asa, 
gives  off  vapour,  which  comWifi 
purtlj  OD  the  tube  as  a  while  powder, 
pard J  on  tibe  assay  m  btillisiit  psk^ 
ycDow  ayslals 

If  tunspttic  acid  csntam  ivan,  Ac 

MS  withsahof  phospfasrwisbboA- 
red  in  R.  F.  Tin  mains  it  freen  « 
Uue 

Antimony  does  not  sublime  at  die 
ftning  point  of  ^ass.  On  chsraoal, 
when  red,  ignition  conlireiesyt^ 
neonsly.    In  a  tube  open  at  boA 

~    it  gives  off  while  fumes 

The  oxide  and  acids  of  antanmy 
behove  alike  with  the  flaxes 

Metallic  teUnrium  hcuted  in  a  ^M 
matrass,  first  gives  off  vapour,  mi 
dwn  a  grey  metaOk  sublimate  of  td. 
Inrium*     In   a 


{" 


in  a  white  fiisible  powder 


For  the  test  of  the 
die  original  woik* 


nese  gives  a  green  ghw  with  i 


The  reduction  of  nan 
peroadde  topvotonide  is  i 
tin 


Oxide  of  iflvcr.*.. 
Odd 


Indium. 


Inadaasii 
at  the  ftismg  point  of  ^ 
open  tube    sttredy  pvus 
fbmesi  die  metal  beeoi 
with  a  dull-biown  ftiaed 
ih^tydlowishtmSwboA 


All  the  compounds  of  I 
volatile;  mixed  with  tin  or 


taOic 


aadhealedmat 
mcrsuiy  distili  ow 


These  melab  havw  ■•  nctisa  « 
die 'fluxes,  vdiieh  can  calf  acrvc' 
detect  die  flw^  malals  tfccy  m^ 
be  combhied  wtth.  TWy^aebuw 
byeupdhtka^ttks^ 


ADDENDA. 


Hydrate  of  Chkrim^^ExhibUion  of  pare  Chlorine  and  other 
(rases  in  a  fluid  State. 

Dry  chlorine,  it  has  been  already  stated  (voL  i.  p.  214.)  is 
not  condensible  by  a  cold  of  —  40^  Fahrenheit;  bot either  the 
moist  gas,  or  a  solution  of  chlorine  in  water,  crystallizes  at  + 
40^  of  temperature.  The  crystals  may  be  best  obtained  by  in« 
troduciqg,  into  a  clean  bottle  of  the  gas,  a  little  water,  but  not 
enough  to  convert  the  whole  into  hydrate^  and  then  exposing 
the  bottle  for  a  few  days  to  a  temperature  at  or  below  frees* 
ing,  in  a  dark  place.  A  solid  compound  of  chlorine  and 
water  is  formed,  which,  in  a  day  or  two^  sublimes  and  shoots 
into  delicate  prismatic  needles,  extending  from  half  an  inch 
to  two  inches  into  the  atmosphere  of  the  bottle.  They  appear 
to  have  a  specific  gravity  rather  exceeding  1.2. 

When  these  crystals  are  put  into  alcohol,  they  increase  its 
temperature  8^  or  10^,  a  rapid  action  takes  place,  and  much 
ether  and  muriatic  acid  are  formed,  with  a  small  proportion 
of  a  triple  compound  of  chlorine^  hydrogen,  and  carbon.  . 
They  decompose  the  solutions  of  aromoniacal  salts,  from 
which  they  liberate  nitrogen  gas.  At  the  same  time,  muriatic 
acid  and  chloride  of  nitrogen  are  formed. 

By  precipitating  with  nitrate  of  silver  a  known  weight  of 
the  crystals,  made  as  dry  as  possible  and  then  dissdved  in 
water,  Mr.  Faraday,  to  whom  we  owe  these  interestuig  fiusts^ 
obtained  proportions  of  chloride  of  silver  indicating  the  crjs* 
tallized  hydrate  to  consist  of 

Chlorine 27.7 

Water..... 72.S 

100. 
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This  nearly  accords  with  ten  atoms  of  water  to  one  of 
chlorinei  giving  for  the  equivalent  of  the  hydrate  90  +  S6  = 
126. 

A  portion  of  the  solid  and  dried  hydrate  was  put  into  a 
small  bent  tube,  which  was  hermetically  sealed.  On  b^ing 
heated  to  100%  a  yellow  vapour  formed,  which  condensed 
in  the  cool  part  of  the  tube  into  a  liquid  heavier  than  water, 
(sp.  gr.  probably  about  1.3.)  On  relieving  the  pressure  by 
breaking  the  tube,  the  condetised  chlorine  instantly  assumed 
the  state  of  gas  or  vapour. 

Sir  H.  Davy  has  found  iilso  that  muriatic  acid  gas,  gene- 
rated under  strailar  pressure^  becomes  an  orange  coloured 
Uquid»  lighter  than  sulphuric  add^  and  instantly  assuming  the 
gaseous  form  when  pressure  b  removed.  Pursuing  the  same 
method  of  experimenting  Mr.  Faraday  has  succeeded  in  con- 
densing into  a  liquid  state  sulphureted  hydrogen,  sulphurous 
acid^  carbonic  acid,  cyanogen^  protoxide  <^  chlorine,  and 
nitrous  oxide.  Other  gases,  and  among  them  the  simple 
ones,  oxygen,  hydrogen^  and  nltri^eli,  will,  it  is  probable,  be 
found  eondensible  by  similar  meaii%  all  that  is  wanted  being 
the  means  of  applying  sufficient  pressure^in  an  apparatus  whidi 
shall  enable  us  at  the  same  time  to  observe  the  accompanying 
phaomena.    (Quart.  Journ;  xv«  74^  165.) 

Conversion  of  Liquids  into  Papours  under  strong  Pressure. 

It  is  well  known  that  by  meatis  of  a  Papin's  digester  we  are 
enabled  to  raise  the  temperature  of  liquids  considerably  abofe 
the  points,  at  which  they*  boil  under  the  mean  pressure  of  the 
atmosphere.;  and  it  seemed  probable  that  the  internal  pres- 
sure, augmenting  with  the  temperature^  must  e&ctually  pre- 
vent the  total  volatilization  of  the  liquid,  eq>ecialiy  if  the 
fpace,  left  above  the  liquid,  is  not  of  a  certiun  extent.  But 
provided  sufficient  space  is  allowed  for  the  generated  vapour, 
it  appeared  to  Mr.  Cagniard  de  la  Tour  a  necessary  conse- 
quence, that  there  should  be  a  limit,  beyond  which  these 
liquids  ought,  notwithstanding  the  pressure,  to  be  completely 
volatilized ;  and  to  verify  this  opinion  he  was  led  to  make 
some  interesting  experiments. 

A  strong  glass  tube^  containing  about  two  fifths  its  capacity 
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of  alcohol)  8p«  gr«  857}  being  oai^Uy  heated,  the  aloob<4 
continued  to  expand,  UU,  after  haring  attained  nearly  double 
its  original  Tolumei  it  was  converted  into  yqpour  00  trans* 
parent,  that  the  tube  appeared  completely  empty.  Allowing 
it  to  cool,  the  alcohol  was  again  condensed  into  a  liquid* 
When  the  proportion  <^  alcohol  to  the  capacity  of  the  tube 
was  increased,  the  consequence  was  the  bursting  of  the  tube* 
Similar  results  were  obtained  with  naphtha  abd  ether,  the  latter 
requiring  less  space  than  the  former  for  being  converted  into 
vapour  without  breaking  the  tube ;  and  naphtha  less  space  than 
akohoL  No  difference  was  occasioned  by  the  presence  of 
atmospheric  air  in  the  tubes,  or  its  exclusion  from  themi  exp» 
c^  diat  the  ebullition  of  the  liquid  was  then  much  more 
moderate. 

The  same  success  did  not  attend  the  first  attempt  to  con* 
vert  water  into  vapour;  for  when  a  tube,  about  one  third  filled 
with  water,  was  similarly  heated,  it  burst  with  an  explosion. 
The  inner  surfiioe  of  the  glass  tube  appeared  also  to  have 
been  acted  upon,  its  tranq>areucy  being  impaired* 

M.  de  la  Tour  afterwards  determined,  by  means  of  a  guage 
which  measured  the  bulk  of  a  confined  portion  of  air,  sub* 
jected,  through  the  intervention  of  a  column  of  quicksilver, 
to  the  pressure  of  the  generated  vapour,  the  density  of  the 
latter.  Alcohol  converted  into  vapour,  and  occupying  a 
space  a  little  exceeding  three  times  its  original  volume^  he 
found  to  exert  a  pressnre  =s  119  atmospheres,  and  to  require 
a  temperature  of  404.6^  Fahrenheit.  Ether,  under  the  same 
circumstances,  required  a  temperature  of  S20^  Fahrenheit 
and  the  force  of  its  vapour  was  equivalent  to  37  or  M  atmo* 
spheres.  Water,  to  which  a  minute  quantity  of  carbcmate  of 
soda  had  been  added,  ceased  to  act  upon  glass  tubes ;  and 
though  several  tubes  were  broken,  it  was  ascertained  that 
water  itself  may  be  converted  into  vapour,  provided  the  space 
exceed  its  volume  about  four  times.  (Annales  de  Cbimie  et 
de  Phys.  xxi.  1}7,  178,  or  Ann.  of  Philos.  v.  290.) 

Pushn  mid  FoltUilizaiion  ^  Charcoal. 

Professor  Silliman,  of  Yaie  College  America,  appears  first 
to  have  observed,  on  subjecting  cyUndrieal  pieces  cf  dMHrooad 
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tapered  to  a  point,  to'the  gabfotde  deflagratmr  ctDr.  Hare^  when 
in  poweffiil  action,  that  the  charcoal  point  of  the  poettiTe 
pole  instantly  shot  out  -rV^h,  ^th,  or  even  i$h  of  an  inch.  The 
charcoal  of  the  negative  pole  underwent,  in  the  mean  time,  a 
change  precisely  the  reverse  its  point  disappearing  and  a 
crater-shaped  cavity  bring  substituted  in  its  stead.  By  plac- 
ing a  piece  of  metal  at  the  n^^ative  pcde  in  lieu  of  charoQal, 
it  was  ascertained  by  the  absence  of  the  usual  phenomena, 
that  the  increase,  before  observed  in  the  charooal  at  the 
pbsitive  pole^  was  occasioned  by  an  actual  transfierenoe  of 
charcoal,  from  the  former  to  the  latter.  On  examining  with 
a  magnifier  the  projecting  point  of  the  charcoal  at  the  positive 
pole^  it  was  found  to  have  undergone  dbtinct  fusion  into 
small  spheres  collected  into  botryoidal  or  mamillaiy  concre- 
tions.   (Ann.  of  Phil.  iv.  119.) 

These  experiments  have  been  repeated,  with  similar  re- 
sults, by  Professor  Griscom  of  New  York.  The  charcoal,  he 
observes,  seems  to  pass  over  in  the  state  of  vapour,  to  be  con- 
densed on  the  positive  pole,  and  then  to  undergo  fiision  by 
the  intense  heat  Charcoal,  after  being  thus  fused,  is  found 
to  have  become  much  harder,  and  to  have  acquifed  a  great 
increase  of  specific  gravity,  sinking  readily  to  the  bottom  of 
strong  sulphuric  acid.  It  is  rendered  so  much  less  combu^ 
tible^  that  it  remains  unaltered,  when  ignited  on  an  iron  plate 
with  free  access  of  air;  but  in  a  close  vessel  of  oxygen  gas,  it 
was  found  entirdy  convertible  into  carbonic  acid  by  the  sdar 
rays  concentrated  upon  it  by  a  powerful  lens.  Boiling  sul- 
phuric acid  is  scarcely  changed  by  it;  and  in  strong  and 
heated  nitric  acid  the  efiect  is  slight,  and  ceases  the  moment 
the  heat  is  withdrawn.    (American  Journal  of  Science,  v. 

set.) 

ChlarO'Carbomc  Acid — Phosgene  gcu  of  Dr.  John  Davy. 

(Omitted  in  its  proper  place  after  the  Compounds  of 
Chlorine  and  Carbon,  vol.  i.  page  354.) 

When  equal  volumes  of  chlorine  and  carbonic  acid  gases, 
both  previously  dried  by  fosed  chloride  of  calcium,  are  intro- 
duced into  a  flask  which  has  been  exhausted  of  air,  and  are 
then  exposed  for  a  quarter  of  an  hour  to  bright  aqnshinei  ooni* 
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lMiiali<m  takes  pkoe»  the  ooloar  of  the  chlorine  disappears, 
and  the  constituent  gases  are  condensed  into  half  their  united 
Tolumes*    Hence  its  specific  gra^i^  must  be  equal  to  the  spe- 
cific gravity  of  chlorine  (S.5)  +  tliat  of  carbonic  oxide  {pJ9*I2i) 
s  5.4723)  and  100  cubic  inches  must  weigh  105.9  grains. 
Being  produced  by  the  agency  of  light,  it  was  called  by  Dr. 
Davy  phosgene  gas^  but  as  it  exhibits  distinctly  acid  proper- 
ties, it  has  since  been  better  termed  ckhr<M:arbonic  acid.    It 
is  constituted  of  an  atom  of  carbon,  an  atom  of  oxygen,  and 
an  atom  of  chlorine,  or  of  an  atom  of  carbonic  oxide  and  an 
atom  of  chlorine.     Its  equivalent,  therefore^  is  14  +  36  =  50. 
ChloroK»urbooic  acid  has  an  intolerably  pungent  odour, 
and  excites  a  copious  flow  of  tears.    It  reddens  litmus  paper. 
By  contact  with  water,  it  is  changed  into  muriatic  and  car* 
bonic  acid  gases.    It  condenses  four  times  its  volume  of  am- 
moniacal  gas,  and  the  product  is  a  white  neutral  salt,  firom 
which  the  more  powerfiil  acids  disengage  mruriatic  and  car- 
bonic acids,  but  acetic  acid  dissolves  it  without  effervescence. 
Several  of  the  metals  decompose  it,  and  unite  with  the  chlo- 
rine, evolving  carbonic  oxide  equivalent  in  volume  to  the 
original  gas. 

Chloro-carbonic  gas  affords  then  an  example  of  an  acid 
with  a  simple  base,  and  two  acidifying  principles,  oxygen 
and  chlorine^  which  are  not  often  united  in  the  performance 
of  this  function. 

New  Jcid  {the  Hydroxanthic,  or  Carhhsulphtaic)  produced 
by  the  Actum  of  Alkalis  on  Bisulphuret  of  Cwrbon. 

When  bisulphuret  of  carbon  is  gradually  added  to  a  solu- 
tion of  pure  potassa,  in  alcohol  containing  96  or  98  per  cent. 
pure  alcohol,  and  the  mixture  is  agitated,  the  alkali  is  com-* 
pletely  neutralized  by  the  formation  of  a  new  acid;  This  new 
acid  contains  sulphur,  carbon,  and  hydrogen,  the  two  first  of 
which  probably  form  a  compoupd  base,  analogous  to  cyano- 
i  gen,  and,  like  it,  acidifiaUe  by  hydrogen.    To  the  base,  Mr. 

Zeise,  Professor  of  Chemistry  at  Copenhagen,  who  first  no- 
»  ticed  these  fiicts,  has  given  the  name  of  xanthogene  (from 

r  iavdo^  yellow,  and  nyMw,  to  generate)  on  account  of  the 

I  yellow  colour  of  its  compounds;  and  to  the  acid  that  of 

t  hy4rQxmthic  add. 
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.  The  aelitral  solutioDy  obtained  in  the  above  Biaaiier,  may 
be  made  to  deposit  cryatab  by  lowering  its  temperature  to  the 
freezing  point»  or  by  exposing  it  under  an  exhausted  receiver 
along  with  sulphuric  acid*  These  crystals  are  the  kgdrox* 
qnthate  ofpotassa.  They  are  needle-shaped  \  without  colour, 
except  after  exposure  to  the  air,  whidi  renders  them  yellow ; 
have  a  peculiar  odour ;  a  taste  at  first  cooling,  and  then  shatp 
and  sulphurous;  are  extremely  soluble  in  water^  though  not 
deliquescent;  in  a  less  degree  in  ether;  and  not  at  all  in 
naphtha.  The  watery  solution  becomes  milky  when  exposed 
to  the  «r,  and  soon  manifests  an  excess  of  alkali.  Sulphuric 
or  muriatic  acid,  diluted  with  four  or  five  parts  of  water,  and 
added  in  due  quantity  to  the  watery  solutioo,  occasion  no 
effervescence,  but  cause  the  separation  of  an  oily  looking  fluid 
heavier  than  water.    This  is  the  hydroxanihic  aeUU 

Solution  of  baryta  in  water  or  in  acids,  muriate  of  lime, 
and  sulphates  of  magnesia  or  alumina,  do  not  affect  the  hy- 
droxanthate  of  potassa ;  but  several  metallic  salts  occasion 
precipitates,  which  are  compouncb  not  of  the  metallic  oxides 
with  the  new  acids,  but  of  the  metals  with  xanthogen.  Hence 
M.  Zeise  proposes  to  call  them  xanthures  ;  but  it  is  more  con- 
sistent with  the  nomenclature  followed  m  this  work  to  term 
them  xanthideSf  analogous  to  chlorides,  cyanides,  &c«  Several 
of  the  xanthides  are  described  by  their  discoverers. 

The  hydroxanthate  of  potassa  is  decomposed  when  distilled 
per  sCf  and  yields  an  oily  fluid,  with  a  gas  which  has  the  smell 
of  onions,  but  in  which  nothing  could  be  discovered  but  car- 
bonic acid  and  sulphureted  hydrogen.  At  a  red  heat,  in  the 
open  air,  it  takes  fire,  and  is  consumed  tmnquilly  with  a 
bluish  flame,  but  in  the  flame  of  a  candle  it  bums  actively, 
emitting  bright  sparks. 

Hydroxanthates  of  soda  and  ammcmia  may  be  prepared 
with  alcoholic  solutions  of  those  alkalis  .and  bi-sulphuret  of 
carbon;  those  of  baryta  and  lime  with  hydroxantbic  acid 
and  their  respective  carbonates.  The  salt,  with  base  of  soda^ 
is  a  little  ddiquescent 

Hydroxanthic  acid,  separated  by  more  powerihl  adds  from 
its  sfldine  compounds,  wiUi  some  precautions  which  M.  Zeise 
has  pointed  out^  is  liquid  at  common  temperatures,  and  erea 
below  them;  it  has  the  a^ct  of  a  transpitfMt  oddoxfcsi  oU  ; 
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in  fipccifie  gmyitf  it  «ic^8  waCor;  and  it  it  not  tmsdbki 
with  that  fluid.  Expoeed  to  the  air,  it  toon  beecmiea  eoverad 
with  a  white  opake  crmt.  Its  gmell  it  powerful  and  peculiar* 
It  has  a  taste  at  first  add,  then  astringent  and  bitter ;  litmns 
paper  is  completely  reddened  by  it,  but  a  part  of  the  paper 
soon  changes  to  a  yellowish  white.  It  is  inflammably  and 
burns  with  a  smell  of  sulphurous  add.  A  temperature  bdow 
212^  decomposes  it  into  bi-«alphuret  of  carbon  and  a  eoow 
buscible  gas.  When  much  divided  by  agitation  with  water^ 
it  is  decomposed  in  a  short  time,  giving  out  bubbles  of  gasi 
It  expels  carbonic  acid  from  alkaline  carbonates.  The  oxides 
of  common  metals  (copper,  lead,  mercury,  &c.)  decompose  it 
by  giving  up  their  oxygen  to  the  hydrogen  of  the  acid,  and  the 
xanthogene  unites  with  the  metal,  forming  xatUhides, 

The  presence  of  hydrogen  in  hydroxantbic  add  was  esta- 
blished by  the  results  of  acting  upon  it  with  iodine,  which  oc- 
casioned a  distinct  production  of  hydriodic  acidi  a  compound 
of  iodine  and  hydrogen.  ( Annales  de  Chim.  et  de  Fhys.  xxi* 
leO)  and  Ann.  of  PhU«  N.S.  iv.  Mt.) 

Pyro-dtric  Add. 

M.  Lassaigne  has  given  this  name  to  an  acid,  produced  by 
the  destructive  distillation  of  citric  acid.  When  citric  add 
is  heated  in  a  retort,  it  first  fuses,  and  then  parts  with  nearly 
the  whole  of  its  water  of  crystallization.  The  liquid  products 
are  of  two  diiFerent  kinds ;  the  one,  of  an  amber  colour  and 
oi]y  consistence,  occupies  the  bottom  of  the  vessel;  the  other 
colourless  and  liquid  like  water,  and  floating  over  the  former, 
has  a  decidedly  sour  taste.  It  is  found,  however,  on  examin* 
ing  the  oily  fluid  that,  along  with  its  bituminous  taste,  it  has 
a  stirongly  acid  one;  and  on  agitating  it  with  water,  and  then 
allowing  the  mixture  to  stand,  the  water  when  decanted  is 
rendered  acid.  The  oily  fluid,  left  to  itself  soon  becomes 
acid  again,  and  deposits  white  crystals  which  are  also  strongly 
acid.  When  again  agitated  with  water,  only  a  small  portion 
r&'assumes  the  oily  form ;  or,  if  kept  under  water,  it  is  soon 
acidified. 

The  colourless  liquid  and  the  oily  fluid  both  contain  an 
acid|  which  has  properti^  differing  essentially  from  those 
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both  ofthecitric  and  the  acetic  It  may  be  obtained  parei* 
by  first  satorating  it '  with  lime^  and  then  disengaging  it  by 
oxalic -acid;  or  by  decomposing  the  calcareous  salt  with  ace- 
tilte  of  lead,  and  treating  the  precipitate  with  sulphoreted 
hydrogen.    Its  properties  are  the  following : 

It  u  white,  inodorous,  sour  to  die  taste,  and  a  little  bitter; 

difficult  to  obtain  in  distinct  crystals,  but  presenting  itself 

udder  a  white  mass  formed  by  the  interlacement  of  numerous 

fine  needles.    It  is  extremely  soluble  in  alcohol  and  in  water, 

the  latter  of  which,  at  50^  Fahrenhdt,  takes  up  one  third  its 

weight.    It  forms  salts  di£fering  decidedly  from  those  which 

result  from  the  union  of  citric  acid  with  the  same  bases.     Its 

combination  with  potassa  crystallizes  in  small  needles,  which 

are  soluble  in  four  parts  of  water.     With  lime^  it  yields  a 

salt,  in  needles  which  are  disposed  opposite  to  and  at  angles 

with  each  other,  like  the  leaves  of  fern.    These  crystals 

require  28  parts  of  water  at  50^  for  solution.    The  pyro- 

citrate  of  lime  consists  of  34  acid,  and  66  base,  cxcludii^  the 

water,  which  forms  SO  per  cent,  of  the  crystals.  One  hundred 

parts  of  the  add  are  equivalent  to  neutralize 

194.117  parts  of  lime 

127.272  baryta 

203.  protoxide  of  lead. 

It  is  remarkable  then  that  iu  capacity  of  saturation  is 
exactly  the  same  as  that  of  citric  acid ;  but  the  results  of  its 
ultimate  analysis,  effected  by  treating  pyro-citrate  of  lead 
with  oxide  of  copper,  gives  a  perfectly  different  atomic  consti- 
tution, viz. 

Carbon  •  •  •  •  • •••.,«•  47.5 

Oxygen 43.5 

Hydrogen «..•••    9. 

100. 
These  results  are  not  very  remote  from 

Carbon  .....  8  atoms 48    49.5 

Oxygen 5  ditto 40   ......  41.2 

Hydrogen ...  9  ditto   •••.••    9 9.3 

97  100. 
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MeiaUk  Sulphurels. 

When  metallic  oxides,  including  under  that  name  the  fixed 
alkalis  and  earths,  are  heated  with  sulphur,  it  appears  that 
part  of  the  sulphur  unites  with  the  oxygen  of  the  oxide,  anA 
the  remainder  with  the  metallic  base.  The  same  combination 
is  eiFected  by  igniting  the  sulphates  m  contact  with  charcoal, 
especially  in  a  manner  lately  pointed  out  by  Berthier,  which 
avoids  the  uncertainty  arising  from  an  excess  of  charcoal. 
He  places  the  sulphates  in  the  centre  of  a  crucible  thickly 
lined  with  charcoal,  and  after  covering  them  with  charcoal, 
and  luting  on  a  cover,  heats  the  whole  in  a  furnace.  In  this 
way  the  sulphates  are  reduced,  as  it  wer^  by  cementation, 
the  time  required  being  proportionate  to  the  temperature^  the 
fusibility  of  the  sulphurets,  and  the  quantity  of  materials 
operated  upon.  In  this  way,  not  only  are  pure  sulphurets 
obtained,  but  the  result  may  be  collected  without  the  smallest 
loss,  its  weight  ascertained,  and  the  weight  of  oxygen  evolved 
accurately  estimated. .  (Quart  Joum.  xv.) 

The  sulphates  of  baryta,  strontia,  and  lime,  sustain  a  loss 
exactly  equivalent  to  the  oxygen  contained  in  the  acid  and 
base.  When  the  sulphurets  thus  formed  are  dissolved  in 
muriatic  acid,  nothing  is  disengaged  but  pure  sulphureted 
hydrogen  gas,  no  sulphur  is  liberated,  nor  is  any  acid  con- 
taining sulphur  and  oxygen  formed.  The  sulphurets  then 
contain  no  oxygen,  and  the  base  is  in  the  metallic  state. 

The  following  Table  exhibits  the  composition  of  some  of 
the  sulphurets  as  determined  by  Berthier.  In  the  last  column  I 
have  stated  the  theoretical  composition,  assuming  the  equiva- 
lents annexed  to  the  metals  to  be  correct. 

Equivalent  of    From  ezperlment.  rtvm  thaorr* 

Metal.       Sulphur.         MetaL       Sulplnir. 


Sulphuretof  Barium...  70  ..  100  +  24.47  ..  100  +  22.85 

Strontium  4i  • .  100  +  36.60  . .  100  +  36.36 

Calcium..  20  ..  100  +  78.30  ..  100  +  80.00 

Potassium  40  . .  100  +  41.06  . .  100  +  40.00 

Sodium..  24  •.  100  +  69.27  •.  100  +  66.6S 

Zinc  ....  33  ..  100  +  50.00  .•  100  +  48.48 

i i  Manganese28  ..  100  +  56.32  ..  100  +  57.14 
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Equhaleni  Number  fi^  NicheL 

H.  Lassaigne  has  lately  been  indaced  by  the  consideration 
of  the  diflSculty  of  purifying  nickel  from  cobalt,  to  examine 
some  of  the  compounds  formed  with  nickel  of  known  purity. 

There  are  two  oxides  of  nickel  $  the  protoxide,  which  is 
formed  whenever  nickel  is  dissolved  in  acids,  and  the  deu- 
toxide,  produced  by  the  action  of  chlorine  on  the  protoxide 
in  the  way  pointed  out  by  Thenard.  The  protoxide  is  of  an 
ash  grey  colour,  it  dissolves  in  acids,  and  forms  green  solu- 
tions, from  which  alkalis  throw  down  an  apple  green  hydrate 
or  hydroxide.  This  oxide,  obtained  by  dissolving  nickel  in 
nitric  acid,  and  gently  calcining  the  product,  consists  of 


Nickel  ....  8S.S4 

100   ....  1  atom  sc  40 

Oxygen  ...  16.66 

20  ....  Iditto  =    8 

100.  120  48 

The  deutoxide  of  nickel  is  a  brilliant  black,  and  has  many 
analogies  with  peroxide  of  manganese,  like  which  it  gives  off 
oxygen  at  a  red  heat,  and  evolves  chlorine  from  muriatic 
add.    It  is  constituted  of 

Nickel  . . .  •  71.4S   100  ....  1  atom  =  40 

Oxygen    ..^B.57    40   . ...  2  ditto  ==  16 

100.  140  66 

The  protochloride,  obtained  by  evaporating  to  dryness  a 
solution  of  nickel  in  muriatic  acid,  consists  of 

Nidoel  ....  5fi.64 100   l  atom  40 

Chlorine...  47.36   90   l  ditto  56 

100.  190  76 

The  dentochloride^  which  suUimes,  when  the  forcgotog 
eoaipoiiiid  is  heated,  in  light  shining  ydlaw  crystals,  is  form- 
•dof 
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Nickel  « •  •  •  S5.72 100  1  atom  40 

Oxygen.  ..  64.28   180   2  ditto  72 

100.  280  112 

The  sulphuret  consists  of 

Nickd  • .  •  •  71.45 100  1  atom  40 

Sulphur  ..  28.57   40 1  ditto   16 

100.  140  66 

All  these  numbers  concur  in  fixing  the  equivalent  of  nickel 
at  40 ;  but  before  finally  adopting  that  number^  it  will  be 
desirable  that  the  experiments  should  be  confirmed  by  earefal 
repetition. 

Lidigo. 

An  interesting  paper,  containing  <•  Experiments  and  Ob- 
servations  on  Indigo,  and  on  certain  substances  which  are 
produced  from  it  by  means  of  Sulphuric  Acid,**  by  Mr.  Wal- 
ter Crum  of  Glasgow,  appeared  in  the  Annals  of  Philosophy, 
N.S.  V.  81.  Of  this  paper  I  shall  give  only  a  brief  notice, 
referring  to  the  memoir  itiself  those  who  are  concerned  in  the 
practical  use  of  indigo. 

To  obtain  indigo  of  sufficient  purity  for  experiment,  the 
yellow  solution  of  de-oxidized  indigo  by  lime,  which  forms 
the  dyer's  blue  vat,  may  be  agitated  in  contact  with  air,  which 
will  revive  the  indigo,  and  precipitate  it  purified  to  a  eertain 
degree.  The  precipitate  may  be  digested  in  dilute  muriatic 
acid,  which  will  remove  a  little  iron  and  carbonate  of  lime*  It 
is  then  to  be  washed  with  distilled  water,  and  dried. 

Indigo  may  be  purified  more  completely  by  sublimation. 
About  ten  grains  of  purified  indigo,  in  lumps  of  about  1  grain, 
may  be  placed  in  a  shallow  metallic  capsule  of  about  S  inches 
diameter,  covered  with  a  similar  capsule,  the  concave  sides' 
of  both  being  placed  inwards,  and  at  a  distance  not  exceed- 
ing three  eighths  of  an  inch  in  the  middle.  Mr.  Cmm  used 
two  platinum  crucible  covers,  but  similarly  shaped  vessels  of 
other  metals  would  probably  answer  equally  well.  The  lower 
capsule  is  to  be  heated  by  a  spirit  lamp;  and  when  a  hissing 
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noise^  which  at  first  attends  the  process,  has  nearly  ceased,  die 
lamp  is  to  be  withdrawn,  and  the  apparatos  allowed  to  cool. 
On  removing  the  cover,  the  sublimed  indigo  is  found  planted 
on  iu  inner  sur&ce,  forming  long  flat  needles  in  qnantityjequal 
to  18  or  20  per  cent,  of  the  original  weight,  and  of  a  brilliant 
and  intense  copper  colour.  The  colour,  however,  varies  with 
the  circumstances  under  which  the  crystals  are  observed.  Tlie 
specific  gravity  of  the  sublimate  is  l.S. 

Sublimed  indigo  is  funble  and  vobtile  at  a  heat  of  about 
550®  Fahrenheit,  leaving  no  residue  when  heated  in  open  ves- 
sels. Its  vapour  is  transpar^it  and  of  a  beautiful  violet  colour, 
differing  from  that  of  iodine  by  a  shade  of  red.  The  melting 
point  of  indigo^  that  at  which  it  sublimes,  and  that  at  which  it 
is  decomposed,  appear  to  be  remarkably  near  each  other. 
Boiling  oil  of  turpentine  dissolves  enough  of  purified  indigo 
to  acquire  the  same  fine  violet  colour  as  its  vapour,  but  de- 
posits it  again  on  cooling. 

By  the  ignition  of  sublimed  indigo  with  peroxide  of  copper 
ifk  green  glass  tubes,  its  analysis  gave 

Carbon 73.22 

Azote 11.26 

Oxygen 12.60 

Hydrogen 2.i^2 

100.00 

Thes3  numbers  correspond  very  nearly  to 

Carbon  ..••  16  atoms  s  96  ....  or   .••.  73.84 

Azote......  1     ditto     =  14 10.77 

Oxygen. ...2    ditto     ==16 12.31 

Hydrogen . .  4    ditto     =     4 3.08 

Equivalent  number ....  •  130  100. 

Mr.  Crum  objects  prq>erly  to  the  application  of  the  term 
indigogent,  applied  by  BrugnatelU  to  sublimed  indigcH  and 
denies  the  power,  which  has  been  ascribed  to  the  snblimatei 
of  amalgamating  with  mercury. 

When  indigo  is  acted  upon  by  strong  sulphuric  addj  it  is 
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not  merely  dissolved,  but  if  heat  be  appUed  is,  ifi  leto  tfaim 
24  hours,  changed  into  a  new  substance.  No  sulphurous  acid 
is  evolved,  nor  is  there  any  absorption  of  oxygen  from  the 
air,  or  any  separation  of  carbon.  From  the  solution,  diluted 
with  water,  potassa  and  iU  sulphate  throw  down  a  deep  blue 
prccipitete,  which  is  soluble  in  water,  and  capable  of  passing 
through  a  filter,  but  is  not  soluble  in  saturated  solutions  of 
salts  with  base  of  potassa.  Tlie  precipitate  was  purified, 
therefore,  by  washing,  first  with  a  solution  of  acetete  of  po- 
.  tassa,  and  then  with  alcohol.  The  edulcorated  precipitate 
has  when  wet  a  colour  of  so  deep  a  blue  as  to  appear  black ; 
when  dry  it  is  copper  red.  It  attracts  water  rapidly  from  the 
air;  is  soluble  to  a  considerable  extent  in  boiling  water;  but 
requires  140  parts  of  crfd  water  for.  solution.  Water  con- 
taining only  jo6!ott6th  of  its  weight  of  the  precipitate  is  still 
distinctly  blue.  The  cold  solution,  diluted  with  20  parts  of 
water,  is  precipitated  by  salts  of  potassa,  soda,  lim^  baryta^ 
strontia,  lead,  and  mercury,  and  the  precipitates  are  not  re- 
dissolved  by  acids.  A  variety  of  other  salts  that  were  tried 
were  found  not  to  produce  the  same  effect. 

From  the  analysis  of  this  precipitate^  Mr.  Cram  considers 
it  to  be  a  compound  of  sulphate  of  potassa  with  a  peculiar 
substance,  to  which  he  gives  the  name  of  CeruUn^  and  to  the 
precipitate  that  of  Ceruleo'sulphate  of  Polasscu  In  its  pro- 
perty of  forming  insoluble  compounds  with  neutral  salts, 
cerulin  is  analogous  to  tanj  which,  according  to  Sir  H.  Davy, 
has  similar  effects  on  several  of  the  salts  of  potassa.  From 
its  ultimate  analysis,  cerulin  appeared  to  consist  of  1  atom  of 
indigo  +  4  atoms  of  water. 

If  the  action  of  the  sulphuric  acid  on  indigo  be  suspended 
before  it  has  gone  far  enough  to  produce  ceii/Kn,  which,  at  the 
ordinary  heat  of  summer,  may  be  three  hours,  at  100  Faht., 
twenty  minutes,  a  new  substance  altogether  different  from 
cerulin  is  produced,  possessing  rather  singular  properties. 
One  part  of  purified  indigo  may  be  agitated  with  ten  of  sul- 
phuric acid  in  a  stoppered  vial,  till  it  assumes  a  bottle-green 
colour,  then  poured  into  a  large  quantity  of  distilled  water, 
agiuted,  and  thrown  on  a  filter.  On  continuing  to  wash  the 
substance  on  the  filter,  with  more  water,  the  first  washings 

VOL,  iz#  2  X 
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afe  onloorl^M^  and  must  be  thro>wB  away ;  but  afterwards  a 
blue  liquid  passes  througb,  wbich  contains  tbe  new  substance. 
Muriate  of  potassa  precipitates  it  of  a  beautiful  reddisb  purple 
colour,  exactly  similar  to  that  of  the  yapour  of  indigo.  The 
precipitate  is  to  be  thrown  on  a  filter,  and  washed  with  dis- 
tilled water,  till  the  liquid  which  passes  through  forms  a  red 
precipitate  with  nitrate  of  silver.  From  the  property,  possessed 
by  thu  .substance,  of  becoming  purple  coloured  on  theaddiUon 
of  certain  salts,  Mr.  Cmm  terms  it  phmedn. 

Phenecin  is  soluble  both  in  water  and  alcohol,  and  the  so- 
lution in  both  cases  is  blue.  All  saline  substances  without 
exception  precipitate  it  again  of  its  original  colour,  hot 
some  require  to  be  added  in  much  larger  proportion  than 
others.  Acids  do  not  prevent  its  precipitation.  It  diasdyes 
in  liquid  ammonia,  but  fixed  alkalis  destroy  it,  though  not 
very  easUy.  Sulphuric  acid  dissolves  it,  and  in  due  time  con- 
torts it  wholly  into  cerulin. 

From  its  ultimate  analysis,  Mr.  Crum  is  disposed  to  consider 
phenecin  as  constituted  of  1  indigo  +  2  water.  It  would  be 
remarkable,  however,  if  the  continued  action  of  sulphuric  add 
should  be  found  to  add  two  atoms  of  water,  which  must  be 
the  case  if  the  constitution  of  this  substance  and  of  cerulin  be 
correctly  assigned,  the  latter  being  1  indigo  +  4  water.  This 
is  contrary  to  the  usual  agency  of  sulphuric  acid,  which,  when 
it  acts  on  v^[etable  substances,  generally  abstracts  the  water 
wlddi  they  already  contain.  • 
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A. 

Aceittie  of  alumina,  ii.  350 
ammonia,  ii.  849 
baryta,  ii.  349 
copper,  II.  97 
iroD,  ii.  30 
le*<i»  il.  109,  504 
lime,  ii.  149 
magnesia,  ii.  840 
poUusa,  ii.  848 
sil?er,  ii.851,509 
Mida,  ii.  848 
strootia,  ii.850 
tlB»  ii.  41 
zinc,  ii.  15 
ulotUtfli^Myii.  841 

model  of  oltUininf  ,  H,  848 
analysit  of,  ii.  $46 
•peciflc  grawit^  no  (Mt  of 

iUjtroOgtli,  ii.  345 
^ropattltet  of,  II.  345 
node  0f  laisertaininc  tlie 
iptfril^  of,  II.  677 
eiaev,  H*.  8BB 
jieetawuter^  ii.  347 
ji€§iam  add,  ii.  841 

olMaiaed  from  wood,  ii. 

855 
mode  of  aacerlaining  tlie 
partly  of,  ii.  578 
AdiUjfi  Ikeory  of,  1.  810;     oxygen 

not  emeniial  Co,  i.  81 1 
Add^  mnrialic,  formation  of,  i.  864 
AddM,  general  propertici  of,  i.  81 1 
aMMi  eonuia  oxygea,  i.  81 1 
l^at  eeme  prodaced  by  liydro* 

gen,  i.  88  U  880 
and  by  eblmriae,  i.  880 
terminology  of,  i.  977 
tapportert   of  eombnition,   i. 

466 
If ater  as  emential  element  of, 

1.876 
law  respecting  tbeir  satiiFatlon 

b^taies,  i.  471 
metals  oxidiaed  bf,  i.  466 
native  .tcgasaMa  enumerated, 

11.194 
specific:  gjmvilf  Bot  always  a 
ferile#  th»  rtPMgib  Qf,  i.  876 1 


Add$^  found  in  animal  mbslitMif  iL 

385 
tests  of,  ii.  498 
acelic,  ii,  841 
acetous,  ii.  841 
amniotic,  ii.  890 
antimonic,  ii.  70 
antimonioas.  ii.  70 
arsenic,  U.  49 
arsenousi  ii.  47 
benzoic,  Ii.  818 
boletic,  ii.  888 
boracie,  i.  855 
oampborie,  Ii*  il^^ 
carbonic,  i.  885 
earbosolphiirie,  ii,  66* 
caseic,  ii.  483 
cetic,  ii.  381 
chloric,  i.  819 
cliloriodic,  i.  886 
diloro-eyanic,  1. 444 
cbloroMuwboaic,  11.664 
cliromie,  Ii.  58 
citric,  Ii.  194 
columbic,  il.  68 
ellagic,  ii.  885 
erytlirlc,  Ii.  389 
ferro-cyanie,  I.  447 
ferrb-prumie,  1. 447 
ferrureled  cbyagie,  i.448|  Ii. 

87 
fluoboric,  i.  857 
fluoric,  sabsilicmtody  I.  619 
formic,  ii.  398 
gallic,  ii.  SOO 
liydriodic,  i.  877 
bydro:^1oric.    %m  MmUOk. 
hydro-cyaaie,  i.  441 1  U;  893 
bydro-iuoric,  I.  819 
bydro.nltHe,i.881 
iiydro^phosylMrous,  i.  865 
bydro-solpbarout,  !•  488 
hydro-thiooic.  i.  488 
liydro.xaatfcic.ii.668 
hypo^nitrons,  1.  818 
bypo-plmsphorotts,  I. 
bypo-sulpburic,  1.  888 
bypo-iulphurous,  1. 888 
isagurie,  ii.  885 
Iodic,  i.  885 
kinic,  Ii.  884 
ladiBlei  II*  889 
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^d^  lactic,  11.  sou  494 

lampic,  ii.  33S 

lithic,  il.  385 

mmlic,  ii.  905 

margarltic,  ii.  384 

meconic,  ii.  226 

nellitic,  ii.  300 

molybdic,  ii.  55 

nolybdoas,  ii.  56 

moroxylic,  ii.  222 

«i«cic,  il.  391 

mariatic,  i.  264 

Ditric,  i.  316 

nitro-anttriatie,  L  324 

nitro-ialphvric,  Ii.  127 

nitroufv  i.  314 

oldc,  ii.  384  . 

oxalic,  II.  186, 221 

ozyiodic,  i.  225 

ozymiiriatic    See  Ckhrint. 

pcr-ciiloric,  f.  221 

pcr-Ditroiis,  1.  313 

per-sulpliuroat,  i.  388 

per-pbospliorfiat,  i«  364 

pbofpliatic,  i.  361 

photplioric,  i.  200,  361,  365 1 
n.223 

photplioroat,  i.  364 

pniisic,i.447|  ii.223 

purpnric,  ii.  388 

pyro-eitric,  ii.667 

pyroligDCOvf,  ii.  255, 342 

pyromalic,  IL  208 

pyronucoui,  Ii.  177 

pyro-tartaric,  ii.  217 

pyro-ttrici  ii.  387 

rlwainic,  H.  224 

rotacic,  ii.  390 

•accholactic,  ii.  301 

sebaclG,  Ii.  303 

•elenic,  i.  302 

filici-fludric,  i.  619 
'    totblc.    9t€  ji€id^  MdHc. 

•tibic,  Ii.  TO 

f  Ubiout,  ii.  70 

sabf  ric,  II.  280 

8iMDcinfcii.238,405 

salpbttrie*  i.  374 

falphorous,  I.  383 

Mlpharcted  chyaaic,  i.  446 

ialpbo^yanic,  1. 446 

tartoric,  ii.  200 

telloric,  ii,  101 

tvagstic,  ii.  62 

aric,  ii.  385 

sooBic^  11.  303 

sonic,  ii.  224 
jieUttp  cbcniical   pbeoomeoa  accoai- 

panyini;,  i.  42 
.^4fl^iMW,ii.  381,418 
Jdtfiar,  i.  7 
^wifiirm  bodies.  -  See  OofM. 


^^Ifall^ycbenlcal.  See  ChemkaUJ/htUih 
of  agf  regatioo,  I.  20 
elective,  i.  63 
rcsaltlng,J.  62 
eleaieoiary,  i.  62 
disposing,  i.  62 
conplex,  1.  64,  68 
doable  electire,  68 
quiescent,  i.  70 
divellent,  1.  70 
simple,  table  of,  Ii.  646 
JgHcuUun^  application  of  chemistry 

Co,  1.  xxi 
Jir.  expansion  of,  by  beat,  table  of, 
ii.621 
compression  of,   prodoces  Srr, 

1.137 
qnantity   of  water   la  a  cable 
foot  of,  I.  264 
Aix  la  Ckapelle  water,  ii.  652 
Alhwmtn^  properties  of,  li.  359 
testsjof,  II.  360 
not  chemically   altered  by 

heat,  ii.  360 
cause  of  the  coagnkUlon  of, 

11.363 
galvanism,  a  test  of,  il*  364 
Ak»ko^  quantity    from  malted   aad 
aomalted  grain,  ii.  243 
theory  of  conversioa  of  sn- 

gar  iato,  11. 326 
table  of  force  of  its  vapour, 

11.620 
effect   of  beating   In   glass 
tubes  Mnder  pretMire,  ii. 
663 
preparation  of,  il.  310, 314 
not  generated  by  disiillation, 

ii.  310 
quantity  of,  contained  in  dif- 
ferent liquors,  ii.  313 
properties  of,  li.  315 
mixture  of  water  with,  ii.  318 
combustion  of,  ii.  319 
expansion  of,  il.  319 
substances  soluble  in,  li.  321 
solubility  of  salci  ln»  li.  321, 

517 
table  of,  il,  631 
analysis  of,  li.  329 
composition  of,  II.  325 
action  of  acids  on,  ii.  327 
use  of,  as  a  test,  II.  513 
mode  of  ascertaining  Its  p«« 

rity,  il.  593 
and  water,  table  of  spedic 
gravity  of  dlffeicM  nslx- 
tures  of,  11.317 
solubility  of  tnbitaneei  la, 

li.  321^  631 
rabftaacei  insolable  tot  IL 
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jikohol,  of  tulphar,  i.  451 

ittlphurixed,  I.  378 
jihmhic^  !•  6 

Algarotk^  powder  of,  ii.  70 
^/Imi(<,  silicatcd,}.  618 

new  Testable,  ii.  278 
volatile.    8e.e  Ammonitu 
AlkaHi^  properticf  of,  i,  494 

analytU  of  the  fixed,  i.  497 
action  of,  on  metah,  i.  475 
aatWc  vegetable,  Ii.  878 
use  of,  88  tests,  ii.  499 
tests  of,  ii.  512 
Allo^^\.\W 

apt  to  separate  wlien  ia  IhsIob, 

1.490 
terminology  of,  11. 490 
their  in|redients  exist  in  defi- 
nite proportions,  i.  491 
qualities  of  the  metals  altered 
in»  1.491 
^tem,i.606 

component  parts  of^  i.  607 
mode  of  ascertaining  th«  purity 
of,  ii.  385 
jtf/HmfN«,  attempt    to   decompose,    i. 
602 
method  of  obtaining,  i.  603 
Its  properties,  i.  603 
hydrate  of,  i.  603 
equivalent,  i.  605 
carbonate  of,  i.  3 16 
sulphate  of,  i.  608 

tests  of,  ii.  514 
means    of  ascertaining    the 

purity  of,  ii.  585 
sulphite  of,  i.  610 
nitrate  of,  i.  600 
muriate  of,  1.  606 
acetate  of,  ii.  350 
lestsofsalUof,  ii.  509 
AUminwn^  f.  602 
Ammiom^  i.  137 

Amalgami^  i.  490.    See  Mercury. 
Amitr,  II.  237 

acid  oi:     See  SuedmU  Add. 
Ambwgris,  ii.  S77 
Ambreine,  Ii.  377 

^mmenf/i,  preparation  and   qualiUct 
of,  i.  395 
specific  gravity  of»  1^  396 
may    be    Inflamed    when 
mixed  with   oxygen,   I. 
401 
action  of  chlorine  on,  i. 

402 
analysis  of,  I.  399 
rapidly   and    Urgely  ab- 
sorbed by  water,  i.  397 
quantities  in  solutions  of 
diflferent  deusitics,  i.  398 
nati'withb68C9r,405 


AmmwUt^  sub-carbonate  of,  1. 408 

mode  of 
preparing,  1, 408 

mode  of 
ascertaining     Its    pu- 
rity, and  that  of  lU 
solution,  ii.  581 
bi-carbonate  of,  I.  408 

its  use  as 
a  test,  iU  490 
sesqul-carbonatc  of,  U  40$. 
kblpbate  of,  i.  410 
hydrochlorate  of.    8ccir«9 

ruUe. 
su]phiteof,l.4IO 
hydrosulphuret  of,  i.  433 

its  use 

as  a  test,  ii.  673, 562 

hydrogureted  ralpharci  of, 

I.  436 
nitrate  ot^  l«  407 
muriate  of,  i.  405 

mode  of  ascer- 
taining iU  purity,  Ii. 
583 
chlorate  of,  i.  404 
solution  of  copper  in,  ii. 

93 
oxalate  of,  IL  190  . 

Important  as  a 
test  oflime,  11.498 
citrate  of,  ii.  199 
acetate  of,  Ii.  349 
fluate  of,  as  a  lest,  ii.  498 
phosphate  of,  ii.  410 
succinate  of,  as  a  test,  ik 

609 
tests  of,  ii.  460 
solution  of,  method  of  as- 
certaiolng  it#  purity,  H. 
581 
^mmoNioce-niagneslan  sulphate,  1.  598 
phosphate,  i.  696 
AmmonimreiSf  I.  475 
Amniat^  liquor  of  the,  11.  432 
^malolic  acid,  11.  390 
Am^tnu^  ii.  245 
Anai^,  term  defined,  i.  41 

proximate  aod  ultimate,  <• 

41 
ultimate    of    organic   sub^ 

staeces,  ii.  168   ■ 
apparatus  for,  ii.  166 
of  earths  and  stones,  ii.  521^ 
Inflamtaable  fossiU,  |i.  549 
ofgaset,ii.467 
lime,  II.  553 
marls,  11. 596 

minerals  in  general,  Ii.  626 
mineral  waters,  11. 481 
ores,  II.  551 
Mlts,|l.527 
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jgHtrntditllj.    SeeBciaiUie. 

•ubttaocciy  ii.  358 

Mtlhod    of     ttaiaini; 

black,  ii.  184 
UMljrtif  of,  ii,  353 
proxiMile,  Ii.  364 
more  cosplez,  ii.  396 

Am»mtrtd9wM,\i.70 
^mtkm9H§imi  Mid,  ii.  70 
^Htfwmfttf^  ii.  10 
Jimtim9t^,  ii«  66 

Mode  of  oblftininc  pure, 

li.«T 
oxidcf  of,  ii.  6T 
aisidlllaUe,  ii.  70 
,  .  ignited,  detoulei  with  Che 

▼apoiir  of  water,  ii.  66 
lllloride,il.70 
iilUof,ii.71 
libotpliate,  71 
goldeo  ralplior  of,  II.  73 
solphorel  of,  ii.  78 
glois  of,  ii.  78 

node  of  ascertaioing 

Its  pority,  ii.  586 

bydro-ralpbareted      oxide 

of,  ii.  73 
aetlod  of  acids  od,  ii.  71 
alloyf  of,  Ii.  73 
unalyfls  of  ores  of,  ii.  655 
tartarised,  node  of  ascer- 
taining iti  purity,  ii.  587 
JMit  acid  obtiiioed  from«  Ii.  393 
jTMoralMyCliemical,  i.  8 
Wdn1fe's,i.7 
Cntbbcrtson's  1. 846 
Jlf9$  fbrtisi  tpocific  gra?i(y  of,  i.  319 
node  of  aseertaining  tbe 
parity  of,  ii.  576 
.    .  B^  NUric  jidd. 

regia,  I.  384 
^rlM-  DInilft,  ii  491 1  ii.  186 
jirckO,  11.  868 

ArgtMu  flowers  of  adllnoDy,  Ii.  67 
Arrvm  root,  ii.  848 
Jff^sMtfNi  Ii.  61 

jirHiUe,  node  of  obtaining,  ii.  46 
properties  of)  IK  46 
tinges  copper  Wbite,  ii.  46 
properttet  of  wbHo  oxide  of, 

II.  4T 
eUortdo,ll.61 
snipbnrets  of|  II.  69 
analysis  of  ores  of,  ii.  555 
netiiod  of  discovering,  ii.  568 
eoMpoand  of  bydrogen  witb, 

lUii 
acid,  nddt  of  oblftfaiBg,  11.49 
proptrtlf0«f|ll.4t 


jinemittt^  ii.  46 
jinemnu  a£id,  li«  47 
AnamtUd  bydrogen  gas,  ti«  56 
Art9^  appUcatioB  of  cbenblry  to,  1. 

zziv 
jitfaraglm^  Ii.  301 
jitpkmUmm,  ii.  896 
JlmpMkeric  air.  i.  868 

welgbl  of,  1. 893 
coniposltlcMiof,  i.894 
DaUon*s  theory   of. 

895 
coatalns     carbonic 
acid,  I.  844 
Ai9mk  tbeoryi  1. 44 

obi<«tl0M  I*  It,  1.  50 
references    In    csnyt 
on,  I.  61,  a. 
Mmttf,  i.  88 

ilnple,  i.  88 
compound,  i.  88, 46 
component,  i.  88 
eledienury,  I.  88,  46 
organic,  I.  46 
figure  of,  i.  46 

ttltinate  of  bodies,  ireigbt  oT^ 
I.  44,47  {  ii.  636 
jdfreptc,  ii.  886 
MlracHen^  i.  88 
jtuTUM  muslTom,  ii.  48 
A%oUc  Qa$.    See  WiirogeHk 


BaUmeet^  1.  18 

BaUkrin's  pbospboruf,  U  568 

BaUoatUy  i.  848 

Baltami^  ii.  837 

BariUM.    See  Smfa,  CarhomOe  •/. 

Barium,  i.  571  ^ 

peroxide,  use  of  la  oxyge* 

nating  water,  1. 863 
peroxide,  i.  574 
ebioride,  I.  574 
Burkt,  Uble  of  quantity  of  laa  la  diff. 

ferent  sorU,  Ii.  867 
Barentelsry  rales  for  radadng  gaeet  *a 

a  mean  beat  of,  I.  83 
Baryta,  hydrate  of,  i.  578 
hydriodate,  i.  576 
hyposulphite,  I.  581 
ferrocyanate,  I.  684 
analysis  of,  i.  678 
properties  of,  i.  578 
cArbontte  of,  i.  678 

node   of  dtseo. 
▼ering,  li.67l 
lalpbata  of,  1. 681.. 
Method   af   procnriog   pwe, 
K  581 


Digitized  by  VjOOQ IC 


IKDSX. 


era 


BiV^,  pbMphiM*  of,  1. 560 
•ulpUle  of,  i.  681 
Ditnle  of,  i.  577 
muriate  of,  ai  a  test,  U.  505 
cMomte  of,  U  576 
oxalate  aad  giiperozalale  of, 

ii.  191 
citrate  of,  ii.  199 
acetate  of,  il.  849 

its  «ie  og  a  test, 
11.505 
Bse  of,  as  a  test,  Ii.  501 
test  of,  ii.  497 
HflM,  ofacid,  wliat,  i.478 
BmU,  ill  dyelog,  what,  ii.  858 
Bmlh  water,  11.  653 
Bmrnmd**  hydrometer,  degrees  of,  re- 
duced to  the  Common  staodard,  ii. 
619 
Jl<l|.mclal,ll.48,99 
BmsocDm,  use  of  as  a  test,  ii.  510 
Jin»otcacid»ii.818 

iweofasatest,li.510 
mode  of  ascertaining  the 
purity  of,  ii.  679 
Bi-carhotuU^  of  potassa,  i.  584 
soda,  i.  543 
ammonia,  I.  406 
Bi-earha^ed  hydrogen.     Beo  OU/ani 

Bi-pko^fkitr§Ud  hydrogen  gas,  i.  486 
Bi-^Mulphaia  of  potama,  i.  550. 
Bi'tartrate  of  potassa,  Ii.  813 
Bile,  resin  of,  ii.  418 
oftheoJK,  ii.413 
peculiar  matter  in,  Ii.  413 
yellow  matter  of«  ii.  414 
component  parts  of^  II.  415 
of  other  animals,  11. 413 
human,  ii.  416 
BUe,  calculi  of,  ii.  417 
Binoxalate  of  potassa,  iU  169 
Bismuth,  properties  of,  II.  84 
oxide  of,  ii.  85 
chloride  of,  11.  66 
salts  of,  ii.  85 
actioB  of  adds  on^  II.  86 
suiphuret  of,  11. 87 
alloys  of,  ii.  87 
its  itemes  dcMroy  the  ductU 

lityofgoM,  ii.87 
analysis  of  ores  of,  ii.  555 
A^jMi>pA»fiied  hydro|eii,  U  435 


p  principle,  il.  vV6 

«rtiicially  ffsnned, 
11.463 
Biim»iiS*l-rtc,ii.895 
JBilwiMiw,  11.880 

£lacftdye,foiraalMl  laMftfites,  ii. 
'  184 

.      etibtuocef, 
.863 


lUf  siahte  % 
II.  863 


BlMt^9  f arMce^  t  S 
Blmck-lead,  ii.  34 
Bleaehing,l.9\5$  11.  85T 
Btoirf«,ii.  15 

phosphorescent,  Ii.  15 
Blood  absorbs  oxygen,  i,  819 
appearances  of,  ii.  390 
coagulation  of,  ii.  397 
serum  of,  11.  397 
serosity  of,  Ii.  398 
crassameiitam  of,  li«  400 
fibrin  of,  Ii.  400 
redglobolefof,H.400 
its  colour  not  owing  to  iron,  ii« 

401 
Its  colouring  matter  mav  be  em« 

ployed  as  ft  dye,  If.  408 
action  of  gases  on,  Ii.  404 
effects  of  respiration  on.  II.  405 
acts  on  the  air  through  the  Ais» 

II.  408 
Its  uses  in  the  aoinMt  Uwumj^ 
li.406 
Blow-pipe,  use  of  In  evattiatig  mine- 
rait,  Ii.  556 
toblo  showing  the  eharac« 
ters  of  ▼arlooB  bedia  be* 
fore,  11.  665 
Blam-ptpH^  k  13 

with  oxygen  and  hydrogca, 
f.840{  638 
l}[H0,pnisfioR,  ii.  86 

%   nature  of,  Ii.  87 
Bom  eotuMcior,  excrement  of  the,  lU 

385 
BoiUng  point,  i.  116 

-  ofmereofy,kl61 

varied  by  prcmure,  i. 

118 
of  diibrcnt  inbstancet, 
U.615 
Ho&ltc  acid,  ii.  883 
HoAwnfaa  phosphorai,  k  584 
JleiiM,  II.  454 

Imman,  11.455 
distillation  of,  Ii.  453 
aaalytis  of,  II.  455 
Borack  acid,  mode  of  oMataIng,  i.  355 
ptopcrtics  of,  1. 355 
componnd    of    fluoric 

with,  i.35f 
test  of,  H.  504 
mode  of  nsoertninlng  the 
purity  of,  lit  578 
Btfra/tfOffoda,  1.544 

mode  of  awertamlng 
ttep«fH9of^il*586 
BefeHt,  *.  oo^ 
Bwon,  I.  354 

Ji^rfa,  nmrfjuH  tif  Ibe,  ik  468 
£rmf^lkft6 
Brnil  woody  M  «  dye»  %  961 
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Brani  wood,  infosltto  of.  ■•  a  test.  ii« 

BrigkioH  water,  ii.  654 
Sritfl  water,  ii.  663 
Bromte,  ii.  48 
BrookttU  blow-pipe,  i,  IS 
JBroa,  il.  460 
Jlrtida,  ii.  88S 
BwiUr^  ii.  490 

of  aotiiaooy,  ii.  70 

biimnih,  il.  86 

zioc,  ii.  18 
BiMrl«iiWBter}IK663 


CMage,  red,  acid  tinctare  of,  as  a 

test,  ii.  494 
Cadmkm,  ii.  4S 
GV€9Wl  oil,  ii.  854 
Calsmiae,  ii.  15 
CtikUm^  f .  568 

peroxide  of,  i.  656 
chloride  of,  i.  557 
iodide  of,  i.  558 
flooride  of,  i.  665 
Cakutt,  Qriflary,  ii.  446 

Tarieties  of,  ii.  446 
of  brutes,  il.  45S 
biliary,  il.  41T 
CMUe0^rMing,  ii.  858 
C^OMie/,!!.  lis 

mode  of  ascertainiac  its  pa* 
rity,il.688 
Calwic,  general  observations  on,  i.  79 
repulsive,  i.  80 
expands  bodies,  i.  88,  89 
tends  to  an  cqnilibrinm,  i.  88 
moYffs  immeasurably  quick  in 
all  directions,!.  83* 
conducting  power  of  bodies 

for,  i.  85 
ell^ts  In  whicli  it  loses itsdis. 
tingoishing  properties,  1. 86 
absorbed  in  liquefaction,  i. 

86 
giving  out  by  increasing  tbe 

density  of  bodies,!.  86 
whether  cbeuically  combined 

when  latent,  i.  87 
capacity  for,  L  87 
absolute  quantity  of,  i.  88 
reflection  of,  i.  101,459 
refraction  of,  1. 103 
absorption  of,  104 
conductors  of,  106 
the  cause  of  liquidity,  i.  110 
given  out  by  liquids  on  be. 

comingfolid,  i.  114 
evolved  during  the  separation 
of  a  salt  from  iu  solatioa, 
I.  U6 


CaXorUy  tbe  cause  of  Viaponr,  1 1 16 
its  particles  repulsive,  i.  ISO 
abs<irbed    In  evaporation,  i. 

185 
evolved  during  the  condensa- 
tion of  vapour,  i.  188 
the  whole  quantity  in  a  body 

cannot  be  measured,  i.  189 
chemically  coaibincd  io  gases, 

i.  136    . 
evolved  from   gases  by  me- 

clmnical  pressure,  i.  137 
probably  ideatical  with  light, 

1.157 
generally  absorbed  daring  so* 

lution,  i.  859 
charcoal,  a  very  ilow  cob* 

dnctor  of,  I.  838 
tableofeffectsnf,  il.  614 
expansion  of  air  by,  ii.  681 
liqaidf  by,   ii« 

wafer   by,    ii. 

688 
solids    by,    il. 
684 
specific,  tables  of,  i.  150, 151 
/lYs,  eflTecti  of,  i.  89 
latent,  i.  86,  189 

apparatus  for  showing 
tbe  most  Importaac 
facts  respecting,  i. 
ISO  . 
•//Ttrf^fiVy,  i.  110 
radiamt,  i.  84 
4>ect}Sc,  i.  146 
Cbtortme/sr,  I.  Ill 
OmipAor,  il,  838 

acidificaUon  of,  ii.  8SS 
artificial  subtUnccs  i«mbi- 
bilng,  ii.  8SS 
GmN«Jcoa;,ii.897 
CtaUom*i  phosphorus,  i«  160 
Caoutchoucs  ii.  853 

preparation  of  ether  for 
.  dissolving,  il.  333 
soluble  in  cajepat  oil,  it 

854         ^  ' 

analysis,  ii.  864 
mineral,  ii.  895 
Capacitp  for  caloric,  I.  87 
Cordon,  1.388 

combustion  of,  1.  333 
vapour  of,  its  density,  i.  3ST 
compoaodi  with  chlorine,  L 
348 

hydro^loridoof,i.4IT 
hydro-iodide  of,  i.  417 
sulphuret  of,  new  acid  tmrnnd 
from,  iU  665 


Digitized  by  VjOOQ IC 


IKBEX* 


681 


combination     of     hjdrofea 

with,  1.411 
compounds  of  cblprinc  wilh^ 

i.348 
Bulphiiret  of,  i.  451 
piiotphttret  of,  k  S0O 
Carbonate  of  ammonia,  i.  408 
baryta,  i.  518 
copper,  ii«  95 
glucinn,  i.  600 
iron,  li.  85 
lead,  ii.  108 
lime,  i.  5eS 
magnesia,  i.  593 
potassa,  i.  521 
soda,  i.  541 
strontia,  i.  588 
yttria,  1*001 
Cark>wc  acid,  i.  385 

composition  of,  i«  335, 

337 
method  of  procuring,  I. 

338 
analysis  of,  337, 338 
properties  of,  i.  839 
generated      in    several 
cases  of  combustion, 
i.348 
tests  of,  ii.  500,  501 
gas,   quantity   of,   ab- 
sorbed by   wa- 
ter, i.  341 
wciglit  of,  i.  340 
itseffeclsoo  vece- 
tation,  i.  345 
oxide,  quantity  of,  absorbed 
by  water,  i.  853 
its   combination    with 
chlorine,  ii.  664 
Carbonic  oxide,  i.  845 

method  of  procuring, 

I.  845 
properties  of,  i.  846 
Carha^mlphurHt,  i.  451 
Cariwretif  i.  490 

of  iron,  ii.  38 
of  nitrogen,  i.  439 
CarkurtUd  hydrogen,  quantity  of,  ab* 
sorlkcd  by  wa- 
ter, i.  853 
several  varieties 

of,  i.  411 
methods  of  pri^ 
curing,  i.  418 
comlNKtioB   of, 

1.413 
specific  gravity 

of,  i.  413 
action  of  chlorine 
00,  U  414 
Carkkai  water»  ii.  051 


Carmine^  bow  made,  ii.  864 
CariUage,  ii.  458 
Guefc  acid,  ii.  483 
oxide,  ii.  483 
Cauhu,  purple  powder  of,  ii.  136 
Caiior,  ii.  377 
Catechu^  ii.  174 
Cathartine^  ii.  308 
Otmsfic,  lunar,  ii.  185 
Cawfk,  i.  583 
CeroMia^  ii.  177 
Cerin,  ii,  875 
<Vwni,  ii.  75 

how  procured,  ii.  76 
notion  of  acids  of,  Ii.  76 
analysis  of  ores  of.  ii.  658 
CeruUn,  ii.  673 
Cerumea,  ii.  376 
GtfVM.    SteWkiULead 
Gbfiencid,li.38l 
Cham  of  cops,  galvanic,  i.  166 
Ckaik,  i.  568 
ChameUan  mineral,  ii.  9 
Charcoal,  i.  388 

how  obtained,  i.  389 
quantities  aflbrded  by  difer- 

ent  kinds  of  wood,  1. 389 
its  properties,  1. 330 
Imbibition  of  gases  by,  i.  331 
resisU  putrefaction,  1.  3S8 
a  slow  conductor  of  caloric, 

i.  338 
ftisible   by  galvanic  electri- 
city, ii.  663 
why  it  makes  the  best  iroa^ 

li.  S3 
how    prepared   for   making 

gunpowder,  11.  856 
See  Carbon. 
Cluuo^  ii.  481 

CkeUonkam  waters,  ii.  658,  654 
Chemical  laboratory,  L  1 

elements,  new  system  of,  I. 

apitaratns,  i.  8 
affinity,  i.  88,30 

how  exerted,  i.  39 

causes  that  modify 
its  action,  1.56 

if  not  modifled, 
would  unite  bo- 
dies in  all  propor- 
Uons,  i.  61 

unites  atoms  in  sim- 
ple proportions 
only,  1. 45 

estimation  of  Its 
forces,  i.  65 

experimcBtal  illni- 
trations  of,  I.  73 

its  geoenl  cfhctt,  U 
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tki  sf  their  cl«- 
acali,  i.  fle 
wiUtekecffecCwidb. 
o«t   iol«tioB»    i. 
31 


.    mi  m  pcffccpliMe 
dbtance,  i.  7B 
eqnlvalnls,    table    at,    li. 
635 
CkmUirjf^  distiBgvidwd  fmoi  mUmsI 
9liileM9li7«i.zi 
de«aci,  i.  Jul 
•lUilj  of  lu  ttidy  as  a  scU 

eace,  i.  xstt 
ccaaoGMCal,  I.  zsr 
■Mitotff  ttadria^^  I.  zzviii  > 
clauilicatioB  of  the  oiycctt 

•f^  !•  sxviii 
aew  doelriDfg  aad  Hoiwa 
clatafe  oi;  i.  jlmk 
CkhraU  of  aaiflMmia,  i.  404 
terytai  I.  57« 
I'me,  1.  661 
potaMftt  i.  613 
toda,i.640 
firoDtia,  i.  667 
GlbHcetbfr,i.4i7|  ii.380 
aci4,i.S19 

how  procoredy  i.  890 
propertiCf  of,  1. 980 
ChhrUk  of  Ditroica,  i.  386 
cat boBy  1. 348 
pho«phorus,  I,  369 
raipbary  i.  391 
todiaai»  i.  637 
CU9ridu,  K.48I 

of  metmlt,  (able  of,  i.  468 
•fslWerJi.  191 
effecU  of  licbt  aB^  1. 166 
lead,  il.  105 
llaie,  i.  668 
CkUrhu^  I.  918 

protaiide  of,  i.  917  . 
peraxlda  of,  I.  818 
bfdrateor,ii.661 
theortct  •f,  i.  874 
and  hydrogen  sascs,  elTectt  of 
differeal  coloarcd  Ught  on^ 
1.160 
pare»eoodeBied  Inloaliqaid^ 

II. 
eoaibiBed  withozygenyi.  817, 
999 

nitrogen,  i.  396 
hydrogen,  i.  964 
twllaa  aa  aainionia,  408 

meUlt  and    their 
oxidei,  !•  481 


CUtHm^  ptr-aaida  af^l.  910 
cifbaa  aad  ile  aaa 

1.346 
■alplair  aad  Ita  caa 

•.360 
tia»  11.30 
fbMpbsrat,  L  366 
attla*  off  todlBB  aa,  L  966 
Its  acMaaaa  gold,  11.130 
copper,  ii.  90 
CSU^rlMgaSr  1.813 

bow  fonaad,  1. 913 
lli  prapcrtiai,  i.  914 
coadentiUa  latoa  llq«M> 

li.669 
abforbabia  Ify  water,  i. 
916 
Ckhri0dei,  i.  996 
G*l9riMr«f«,  1.896 
CAIoWMlieacid,  I.  996 
CkitropiUm,  1. 161 
CUontni  of  iodine,  i.  986 
Cai4kiraf«i  ar  GUMvrafr,  Ik  481 

SeeCUivldM. 
CMuisritu,  ii.  416 
Olf«M<aM,  11.  67 

aaalyfltofomof,ii.657 
QlTMNafo  offlcad,  ii.  60 

ofpotana,  ii.69 
Cknmh  acid,  il.  68 
Ck9titk  acid,  fermretcd,  1. 448  ;  ii.  8T 

Mlphnreted,  I.  446 
andkeaia,  ii.  887 
CkpU,  ii.  486 
Cihiaa6ar,ii.  119 

BMde  of  aseertaiaiag  id  pi- 
tHr^  il.  686 
CUrmiei,  alkaliae,  it.  198 
eaHhy,ii.  199 
aietallic,  il.  800 
CUrk  acidy  procen  for  oblaiaiag^  It. 
194 


properties  of,  ii.  197 
aaalyilt,  ii.  "^ 


fyilt,  ii.  198 
eorobiaaiiont  of,  ii.  190 
eifectf  of  beat  ob,  II. 
Cfytmt  of  nitre,  i.  680 
Coak,  ii.  897 

OmI,  qiiaatity  af,  repaired  for  the 
eYBporation  of  water,  i.  187 
▼arietlei  of,  ii.  896 
gat  flrom,  I.  418 
aoBlytit  of,  ii.  897,  650 
Cbaliafa«,  6r«  damp  of,  i.  489 
Comilmg  for  retorti,  i.  9, 10 
COtOt,  method  af  obtaining,  II.  78 
propertia  of,  il.  78 
azldet  of»  ii.  79 
chloride  of,  ii.  80 
•alUof,il.80 
•lUyi  mr,  il.  89 
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CshaU,  ftnlviit  •!  ores  iiT,  ti.  555 
C9cetiUu  indMWy  pccttliwr  prlacipla  of| 

ii.884 
Coekbunl,  ii.  ses 
GoffM,  il.  876 
Cohuhe  affinity,  I.  98 

■eihodi  of  overcon- 
lag,  L  SO.  88 
CoAetioN,  (See    Cokuhe   Jjfitdty,)   i. 

89 
CtfU.  artificial  metliods  of  prodocing, 
U1S5 
prodaocd  by  rarefactloo  of  air, 

I.  187 
artificial  methodi  of  produciof, 
tablet  of  mixtarei  for.    If. 
625,  687 
Cb/Ur  joiot  for  noi ting  long  or  crooked 

tabes,  I.  687 
Colouring  matter,  11.  S5T 
Coloara  changed  by  chenical  action,  i. 
48 
of  metals  changed  by  combiaa- 

tioB  of  them,  i.  498 
vegetable,  destroyed   by  chlo- 
rine gas,  1.  815 
destroyed  by  charcoal,  i*  888 
substantive  and   adjective,  ii. 
858 
Column^  electric,  i»  171 
Co/iimMim,  ii.  63 

the  same  as  tantaliiim*  IK 

64 
analysis   of    ores  of,    \U 
558 
ConMuOUm  alters  tbe  properties  of  bo» 

dies,  I.  39 
C0m»iisftftfc»,  simple,  i.  889« 
ComkuUioHf  limited   meaning   of  the 
term,  i.  804, 810 
in  oxygen  gas,  t*.  807 
in     atmospheric    air,     i. 

consamcs  oxygen,  i.  808 
Increases  tbe  weight  of  bo- 
dies, 1.811 
ittpporters  of,  i.  889 
•pontaoeoos,  ii.  830 
Csmpowub,   their  chemical  action  the 
resnlt  of  tbe  affinities  of 
their  parts,  i.  68 
C^tdmtlon  af  caloric,  1.  85,  105 
CangtUiiiam^  artlfieial,  i.  113,  185 
CooUngf  rale  of,  varied  by  diflTerent 

tlFcnawtanffs^  I.  84 
Copper,  method  of  pnrifying,  ii.  88 
properties  of,  11.88 
oxides  of;  Ii.  88 
chlorides,  Ii.  00 
salts  of,  U.  91 

rof»iU08 


Copper,  sob-solphate  of,  11.  94 
sulphite  of,  11.  95 
sub-carbonato  of,  11.  95 
nilraie  of,  ii.  98 
hydro-oxide  of,  ii.  89 
sub-nitrate  of,  il.  93 
per-muriate  of,  ii.  91 
pro-muriate  of,  ii.  91 
action  of  chlorine  on,  iU  90 
acetate  of,  11.  97 
sulphoret  of,  ii.  98 
phosphoret  of,  ii.  99 
combination  of  ammonia  wltb, 

11.  93 
alloys  of,  Ii.  99 
ferro-cyaoale  of,  ii.  98 
arseoite  of,  ii.  48 
analysis  of  ores  of,  ii.  559 
mode  of  detecting,  if.  578 
Ci»r&anditsacid,il.880 
CSorrosJoe  sublimate,  11.  118 

mode  of  diieotrr- 

ing.ii.^TO 
method  of  ascer- 
taining its  pu- 
rity, ii.  588 
CoUen-milU,  probaUe  cause  of  fires  in, 

ii.830 
Cream  ofmilk,  11.  419 
ofUrtar,  II.  813 

mode  af  aMertaiaiaf 
its  purity,  11.584 
Crocuf  metailorum,  II.  79 
CrudbUe,  1.  4 

platinum,  II.  586,  note 
Cryopkome,  I.  184 
Ciy$iMm%aiion,\.92 

water  of,  i.  89 
CryetaU^  struclufu  of,  i*  83, 87 
C^pei,  Ii.  189 
CupelioHon,  ii.  189 
CupeUiMg  furnaet,  i.  8 
Curd,  11.  481 
QtHele*  ii.  461 
Cyamdee,  1.  441 
Cymtogen,  i.  489 

how  obtained,  1.439 
Us  properties,  i.  439 
Cyanwree,  I.  441 
cystic  oxide,  ii.  451 


JUdion,  Mr.  his  new  system  of  chcml* 

cal  elemuMs,  i.  44 
i'ecmi/iHf  Jar,  1.  11 
DeeomptUion,  tfccled  by  gal»uahii| 
1. 1T6 
simplci  I.  88 
J)earq»Tfa|{ORy  1.  538 
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Ddpkim,  ii«  «83 

JDeoxidisiug  rays  of  light,  i.  158 

Deiouaiiug  powilerf,  i.  580,  516;  ii. 

117, 1«6,  1S4 
JkuioekloHde  of  mercury,  ii.  I  IS 
Z>eW0Xufef,li.417 
J}ew,  theory  of  iU  depo»itioD,  I.  85 
point  how  aicertaiiiMl,  i.  857 
J^tmimi^  pare  cmrboo,  i.  S3S 

conbiMtloii  of  the,  i.  SS3 
mjerential  Cbermmncler,  i.  93 
DigetUoH,  tccfetioas  inbservicot  to,  il. 

409 
nUatmtiom.     See  ExpamtUm. 
JKppee$  oil,  Vu  455 
DisiiUaihm,  i.  6 

leadeD  froms   Improper 
for,  il.  573,  578 
DragmCt  Mood,  ii.  834 
Dwstile  metals,  ii.  461 
Dutch  gold,  Ii.  99 
Dpelmg^  art  of,  ii.  858 

coloariog  matter  of  blood  may 
be  employed  in,  Ii.  408 


BartU^  k  494 

means  of  separating,  ii.  589 
MvMNUt^  ii.  376 
^fiwucence,  i.  38 

its  iofloenee  on  chemical 
affinity,  i.  59 
Egg-^MU,  ii.  486 
Egg,  while  of.    See  Athmem, 
Egg9^\'u425 
£2din,ii.88S 

EtmatU  gom.    See  CaeHleAove. 
ElatMty^  lU  effect  on  chemical  affi- 
nity, 1.58, 61,71 
increai^  by  caloric,  1. 65 
of  metals,  ii.  468 
EUemttpane,  peculiar  substance  from, 

11.308 
Elective  affinity.    See  JtJUnUp. 
BUetridty,  chemical   agencies   of,    i. 
163. 
theory  of,  i.  186 
£(^rlc spark,  action  on  carbonic  acid, 
1.337 
colour  of  in  gases,  I.  146 
Eheif'magn^Um,  1.  193 
Ebeiro-^moiian,  1. 187 
EUetro-^gMtive  bodies,  i.  804 
EUctn-potUive  bodies,  I.  889. 
flMMnlfl,  chemical,  defined,  1. 41 

new  system  of,  1.  44 
JBmsfin,  11.  306 
AmiW«NS,  11.886 
Enmrntmrng  furnace,  i.  3, 635 
EpUmOt,  IU  461 


Eptam  sail.  Sec  Jittgmadm^  salphale  of. 
f^loatolf,  Chemkal,  defined,  i.  5A 
'  scaleof,i.5S,>. 

jmes  of,  ii.  6S« 
table  of,  ii.  635 
EMemtUl  oils,  ii.  830 
Etkw,  eficcis  of  caloric  on,  i.  180 

of  healing  under  prfs- 
sure,  ii. 
solution  of  phosphoras  in,  Ii. 
336 

gold  in,  ii.  136 
platinum  In,  ii.MS 
methods  of  prepnring,  ii.  387 
puriflcatioB  of,  ii.  387 
analysis  of,  ii.  338 
mode  of  ascertaining  its  purity, 

11.593 
acetic,  ii.  338 
chloric,!.  417  I  11.330 
llaorlc,  il.  331 
fluoboric,  ii.  331 
hydriodic,  11.331 
properties  of,  Ii.  338 
force  of  its  vapour,  li.834 
composition  of,  Ii.  338 
muriatic,  ii.  339 
nitric,  ii.  338 
phosphoric,  il.  331 
pyro-acetic,  ii.  345 
sulphuHc,  11.  387, 593 
£fAfojMminef«l,ii.  118 

perse,  II.  118 
fncUiwine,  1.  817  ^ 

action  of  iodine  on,  i.  884 
£Mb*Mtcler,  Bertholiet's,  i.  887 
Dalton't,  1.808 
Guylon*s,  1. 889 
Hope's,!.  889 
Pepys*,i.891 
8eguln's,l.887 
Volta*s,  1.830 
with  nitrons  gas,  i.  308 
solution    of    nitrsos 
gasand4ron,  i.3l8 

EfM^raiing  furnace,  i.  8, 3 

vessels,  I.  5 1  11. 
EvMportOion  occasioned  by  caloric,  i.  9 

defined,  i.  38 

spontaneow,  1.181, 856 

£j|Nm9loa,  I.  88,  80 

of  solids  by  heat,  ii.  084 
liquids  by  do.  ii.  en 
gases  by  do.il.  681 
solids,  Hqnids^aadgnet, 

i.  89 

alr,'l.90, 100 

metals,  U  91 
ezceptioM  to  the  gential 

law,  I.  91 
jiot  strlcdj  pfopottlonate 

totemperatnregl.99 
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Expannon  of  flaids  ii  as  the  square  of 
their  temperature,  i.  99 
of  mercury,  i.  100 
Extract,  vegetable,  ii.  172 
E^  humours  of  the,  ii.  430 

F. 

Farina.    See  Starch, 
Ftf^ofaoimals,  ii.  882 

oxygenated,  ii«  383 
Feaikers,  ii.  462 
Feculay  vegetable.    See  Starch, 
FermeniaiiMf  vinous,  ii.  SIO 
Ferro^yanate  of  iron,  ii.  26 

potassa,  i.  531 

its  use  as  a 
test,  ii.  507 
copper,  ii.  98 
Ferro-prussic  (cyanic)  acid,  ii.  447 
Ferrureted  chyazic  acid,  ii.  448 
Fihrtf  woody,  ii.  255 
Fibrin,  ii.  368 

of  the  blood,  ii.  400 
FiUtn^  caniions  in  asiog,  ii.  492 
JPIaery cinder,  ii.  17 
Fir»  prodaced  by  compressing  air,  i. 

137 
Firt'damp  of  coal  mines,  i.  422 
FirewQrkt  without  smell  or  smoke,  i. 
233 
nitrate  of  soda  recommend- 
ed for,  I.  541 
Fif  A,  scales  of,  ii.  460 
FiVred  oils,  ii.  226 
Fleih  of  animals,  ii.  458 
Ftintt,\.  615 

liquor  of,  i.  618 
FtowoTM  of  sulphur,  1.  371 
FluaU  of  ammonia,  i.  228 1  ii*  498 
FtmdH^^  caused  by  caloric,  i.  110 
#lbfjdf  of  the  various  cavities  of  the 

body,  ii.  431 
Mfo^orfeacid,  i.  357 
Ftw9ric  acid,  mode  of  obtaining,  i.  219 
silicated,  i.  619 
hydro-fluoric,  or  liquid, 

I.  279 
nature  of,  i.  228 
compound  of  the  boracic 

with,  1. 357 
gas,  mode  of  obtaining, 
i.619 
decomposed  by  po- 
tassium, !•  228 
ether,  ii.  331 
jpfH»ride  of  calcium,  i.  228 
F^nenne,  i.  228 
FiujPj  black,  ii.  46,  550 

white,  il.  599 
FfMrcf^  1, 476(^11.559 


Force  of  vapoar,  i.  257 

Formtcacld,  ii.S93 

Ffmis  (inflammable),  analysis  of,  ii. 

549 
Fretting  points  of  liquids,  i.  1 10 
mixtures,  ii.  548—550 
apparatus,  i.  626 
In  vactto^  Leslie*!  method,  i. 
133 
JVi^or{/ScmixtureB,  tobies  of,  ii.  625 
Fro9t-bearer^  i.  134 
Fulminaiing  gold,  ii.  134 

mercury,  ii.  117 
platinum,  ii.  145 
powder,  i.  520  - 
silver,  ii.  126 
Fuming  liquor,  Boyle^v.    See  >/mmo- 
itt<r,  hydrosnlphurei  of. 
Libaviiis*i>,  ii.  38 
Fungin,  ii.  302 
Furnace,  evaporating,  I.  3 
Fnrnacte,  ciiemiral,  1. 2, 639—636 

Aikin*s  portable  blast,  i.  4, 

629 
Knight*s  portable,  i.  2,  3, 

631 
wind,  i.  2,3,  632 
reverberatory,  i.63l 
cupelling,  or  enamelling,  i. 

3,  635 
portable,  i.  8,  629 
Black's  portable,  i.  4,  685 
Chenovix's  wind,!.  635 
general  remarks  on,  i.  636 
Fiuion,\.  110 

watery,  i.  32 
Fusible  metal,  IL  87 
Fuetic,  ii.  263 


QaUna,\\.  110 
Gatlate  of  iron,  ii.  28,  263 
Gallic  acid,  methods  of  obtaining,  ii. 
20O 
analysis,  ii.  204 
characters  of,  11.  203 
Galb,  tincture  of,  as  a  test,  ii.  495 

ibed  as  a  test  ia  snbstance,  ii, 

496 
yield  tan,  Ii.  265 
Gatttionee,  ii.  417 

a  valuable  pigment,  ii.  417 
GaAkmie  arrangements,  construction  of, 
1.164 
battery,  1. 167 
circle,  1. 165 
pile,  i.  167 

theory  of  the  action  of, 
i.  186 
apparatus^  1, 16T 
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GdbHmitm^  i.  109 

cxciteineiil  of,  I.  l<n 

ill  liiiiilarlCy  to  elcctHcily, 

i.  172 
(bemical  ai^cicsof,  I.  ITS 
theory  of  the  chan^ges  pro- 
docfd  bj,  I.  183 
Oahantmeter^  i.  195 
Q0ies,  f  Sect  of  calorie  on,  i.  80 

czpaosioo  of  by  heat,  I.  198 
conparatiTe  rates  at  whieh  they 

conduct  heat,  i.  198 
bow   infloencetl  by  their  moif- 

tore  or  dryness,  ftc  i.  199 
rarefaction  of,  effect  on  their 

inHammabllity,  i.  S95 
condensible   by  pressare    Into 

liquids,  ii.  660 
corrections  for  noistare  in,  I,  ^ 
velocities    wicb      which    they 

escape  through  ttibes,  i.  144 
powers  of  refract inic  light,  154 
rules  for  analyzing  mixtures  of, 

ii.  467 
table  of  confinahle  by  mercury, 

li.468 
table  of  6onflnable  by  water,  il. 

468 
table  of  absorlMible  by  do.  ii. 

472 
table  of  results  of  Combustion, 

ii.  481 
apnarattts  for  experiments  on, 

f.  14 
method  of  weighing,  1. 19 

transferring,  1.  22 
caloric  chemically  combined  in, 

1.196 
give  out  their  latent  heat  by 

compression,  i.  137 
their  bulk  inversely  as  the  pres* 

sure  on  them,  i.  198 
table  of  the  speciflc  gravity  of, 

1.140 
speci6cheatof,  1.  151 
oapable  of  being  absorbed  by 

solid  bodies,  possessing  poro- 

slty,IJ4l  *^  ^^ 

areaosorbed  by  liquids,  1. 142. 
colour  of    the   electric  spark 

transmitted  tlirougb  different, 

1.146 
become  thoroughly  mixed  under 

all  circumstances,  1. 249 
quantities    of,    absorbed     by 

water,  1.259 
absorption  of,bv  charcoal,  i.991 
general  l«w  of  their  nnioo  by 

9ol«mai,U297 
rules  for  ledttclng  to  a  mean 
m4  («i|p«ni|«re|  i. 


0«>-A«tilsr,  1. 17 

Oaf,  ammonfaKal,  i.  995 

anenarcled  hydrogen,  ii.  52 

axotic,  or  nitrogen,  i.  280 

bi-phosphnreted  hydrogra,  i.  426 

carbonic  acid,  i.  995 

carbonoos  oxide,  i.'9l5 

carbureted  hydrogen,  i.  41 1 

coal,  i.  418 

chlorine,  i.  219 

enchloric,  i.  21T 

ffuoboric  acid,  ii.  957 

hydriodic  acid,  i.  277 

hydro-carbureted,  i.  411 

hydro-phosphoric,  1. 225 

hydrogen,  i.  230 

hydro-zincic,  11.19 

muriatic  acid,  i.  264 

nitric  acid,  i.  916 

nitric  oxide,  i.  906 

nitrogen,  i.  280 

nitrous,  i.  306 

nitrous  acid,  i.  314 

nitrous  oxide,  i.  900 

oil,  i.  419 

oleflant,  i.4l4 

oxygen,  i.  205 

oxymurUtic  acid.  See  CftlsrtM^ci. 

pcr*carbureted.  or  bi-carbarded 

hydrogen,  i.  414 
phosgene,  i.  440 
phosphureted  hydrogen,  i.  426 
potassureted  hydrogen,  i.  501 
prussic  acid,  1. 441 
silicated  fluoric,  I.  619 
sulphureted  hydrogen,  1. 429 
sulphurous  acid,  1. 989 
tellureted  hydrogen,  ii.  109 
Gtu  lighU,  i«420 
Gaiinc  juice,  ii.  410 
Cr«Kom«<er,  i.  16 

mercurial,  i.  18 
GeUtine,  method  of  obtaining,  H.  954 
properties  of,  Ii.  955 
tesUof,ii.957 
decomposition  of,  11. 359 
converted  into  sugar,  ii.  857 
OenUf  preparation  of  sulphur  for  tak- 
ing impremions  from.  1.972 
GlUtof  of  steel,  ii.  196 
G^aM,  now  auule,  i.  617 

decomposed    by   hydro-flnork 

acid,  1,280 
fendered  black  by  hydro<4aU 

pbureU,Vi.  110 
'  tli4(ed  blae  bj  saftie.  Ii.  89 
expnnslon  oi,  by  heal,  U*  094 
ofantimony,  IL79 

mnde  pf  ntcertala- 
li^ltijpnr  ty,1i, 

pfb9nut,L544 
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Okmber^t  mU  .    See  StOphaie  •/  Soda . 
GUadint,  il.  951 

GtectiMy  aUeiapt  to  decopDDOfe,  i.  609 
method  of  obiftioin|  it,  1.  599 
its  properties,  h  600 
Gftidmmt,  i.  599 
Otee,  ii.  S&5 
Ofolefi,  ftoiroal,  ii.  888 

▼esetable»,ii,  849 
Qoldf  malleability  of,  i.  460 
ductility  of,  i.  461 
physical  qaalitles  of,  ii.  190 
chemical  qualities  of,  il.  ISO 
chlorides,  ii.  190 
oxides  of,  Ii.  193 
fuiminatlog,  eompovnd  of,  11. 194 
revival  of,  11.  195 
precipitates  of,  ii.  194 
solution  of,  la  ether,  il.  196 
solvents  iif,  Ii.  195 
sulphuret  of,  II,  196 
phosphuret  of,  ii.  197 
equivalent  of,  ii.  19T 
purlBcalion  pf,  ii.  138 
alloys  of.  ii.  198 
fineness  of,  ii.  198 
its  colour  destroyed  by  pailai- 

dium  or  platinum,  11.  151 
Imitations  of,  ii.  99 
its  ductility  destroyed  by  being 
kept  In  fusion  near  melted  bis- 
muth,  il.  8T 
analysis  of  ores  of,  Ii.  551 
Golden  sulphur  of  antimony,  11.  T9 
Gomlard'M  eitract,  use  of,  as  a  test,  11. 

919,957,969 
Ooniemeter,  1. 99 

Grains,  English  and  FVeoch,  compari- 
son of,  ii.  606 
Gravel,  urinary,  II.  44T 
GrwaUation,  i,  98 

GraoU^f  speciflc,    effect  of  chemical 
union  on,  I.  49 
of  gases,  i.  19 
of  solids  and  fluids, 

Uble  of,  ii.  609 
of  sollds,how  taken, 

ii.  596 
of  mixtures  of  alco- 
hol and  water,  ii. 
317 
Qrten^  Scheele*s,  ii.  48 
Gaiaiaciim,iL934,99T 
Gum,  ii.  175 

BriUsh«il.  946 
dastlc,  il.  959 
Onm  rssmf,  il.  937 
GwHrmetal,  il.  99 

QmMmkr,  ittlphor  may  be  burned  out 
•f,  without  Iniaming  it, 
1.974 
^  roipportllott  of,  U  890 


Gunpowder,  peculiar  kind  of,  I.  517 

preparation    of    chareoal 
for,  11.955 
Gufifor's  sliding  rule,  i.  59,  note 
G^|»«iiiii,  i.  509 

H. 

Avma/ifi,  11.805 
Hahnemantifi  wine  test,  ii.  575 
Hair,  method  of  staining  It  black,  ii. 
194 
analysis  of,  11.461 
Harrogutt  water,  1.  489 1  ii.  659,  654 
HarUk&r%,  spirit  of,  mode  of  ascer- 
taining its  purity,  ii.  589 
Ht^t,    Bee  CaUrk. 
aahnal,  11. 407 

table  of  the  principal  effects  of. 
11.614 
HeHx,  electro  magnetic,  i,  196 
Hepan,    See  SniphwrttM, 
llkcor^y  wild  American,  ii.  969 
Hoat'frott,  theory  of,  1. 85 
Hvmbarf^t  pyropnoros,  i.  609 

sedative  salt.    See  Boracie 
jidd, 
Honoy,  ii.  183 

stone,  ii.  300 
Hooft,  ii.  460 
Hordein,  it.  949 
JTorn,  11,457 
Ham-Uad,  11.  105 
HomMlvr,  II.  199 
Uvme-Uek,  malic  add  obtained  from 

11.905 
Humours  of  the  eye,  ii.  430 
HydraU,  what,  1. 958 

of  alumina,  1.  603 
chlorine,  ii.  661 
cobalt,  11.  79 
copper,  ii.  90 
iron,  II.  90 
lead,  11.  104 
lime,  i.  553 
magnesia,  i.  501 
nickel,  ii.  158 
potassa,  1.506 
80da»  i.  913 
tin,  11.37 
Bydriodaiss,  I  977 
HydriodientXdf  1.977 
Bydro^carhvst^  1.411 
Hwdrthchlaro,  1.  964 
BWro-<yafileacid«  1.441 
Hydro'/lmorie  acid,  i.  979 
ffpdrofsnf  an  acidifying  priBcfplOi  I. 
991 
dentoxidc  or  peroi^  of. 

1.969 
cmnpotiadiiillli  earb^fti  I. 

4n 
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Hydrogen^  coopovods  of  metals  wiUiy    lijfdro-oxidt  of  coball,  IK  79 


i.483 
Hfdrogem  gas,  i.  8S0 

method  of  procorioc,  i. 

931 
its  properties,  i.  239 
bow   to  deicrmioe   Its 

parity,  i.  S36 
boroed    amier    a  tabe 


copper,  ii.  90 
iroo,  iLSO 
IJydrO'pkoiphorie  i^as,  i.  225 
Bydro^ulphurtt  of  amaMoia,  i.  433 
asaccsf, 
ii.  513 
H^dro-su'phureti,  i.  436 

blacfceoglossii.  110 
produces    a  musical    Ifydro-^ulfhurtied  oxides,  i.  484 
soiiod,  i.  238  li^ro^ikionie  acld^  i.  432 

caatioD  with  respect -lo    iijf«irejrm/Aicacid,  ii. 

firiog,  i.  238,  note        HsdnrmUhates^  ii. 
explodes  by  compres-    Hjfdroxunt^  i.  258, 480 
sioa  with  oxyfeo,  i.    Hgdro-tinde  ga«,   platinum  fused  by 
239  Che  combusiion  of,  ii.  13 

HjfdntnU  of  potassium,  i.  510 
tellurium,  ii.  102 
Hygrometer,  i.  81,  257 
Ilygrometrie  water,  i.  255 
Hjifper-oxjfmmriatet.    See  CkiwaUa 
ligpo-tulpkUet,  i.  388 
UjfpO'iulphmrout  acid,  i.  388 


weight  of,  1.241 
With     oxygen,     forms 

water,  i.  244 
quantity   of,  absorbed 

by  water,  i.  253 
an    acidifying   princi- 
ple, i.  230 
quantity  of  heat  given 
out   by   its   combos- 
lion,  i.  249 
combination    of    chlo- 
rine with,  i.  264 
foraM  an  acid  gas  with 

iodine,  i.  277 
solatioB  of  zinc  in,  Ii. 

13 
arseaareted,  ii.  52 
carbureted,  1.  411 
bi-carburcted,  i.  414 
per-carbureted,  i.  414 
phosphureted,  L  426 
bi-pbosphureted,  i.  426 
potassoreted,  i.  501 
sulpburetrd,  1.429 
snper-salphoreted,      i. 

435 
lellttreted,  ii.  102 


Ice,  quantity  of  caloric  absorbed  ia 
the  liquefaction  of,  i.  110 
thattiog,    its    temperature    oni- 
formly  the  same,  i.  1 10 
not      increased      by 
liqiiefactiuB,  I.  Ill 
quantity  of  caloric  ab- 
sorbcd  daring,  i.  HI 
lighter  than  water,  i.  261 
./adk,  cubic,  of  water,  ii.  602 

French  and  English,  cor- 
respondence   between, 
U.607 
Indigo,  ii.  258 

bitter  principle  from,  ii.  277 
new  experiments  on,  ii*  671 
IndigOgene,  ii.  262,  672 


Infiamnufblc  fossil?,  analysis  of,  it.  549 

sulphurrted,componnds  Ink,  ii.  29 

of,    with  oxides,    I.  that  Is  not  easily  destractible,  IL 

481, 489  29 

with  metals,  Ii.  sympathetic,  ii.  81 

487  Inioluhilitjf,  influence  on  affiaity,  i.  57 

liquid.  See  Intermediate  propeities  betweea  those 

Sulphurei  of  the  components,  1.  40 

of  corten  InuUn,  ii.  302. 

Hgdrogwreted  s\Aphur,  1.435  Iodote$,  i.  225 

solphurets,    methods    of  Iodic  acid,  i.  225 

forming,  1. 436  Iodide  of  nitrogen,  i.  327 

properties  of,  i.  436  iedldto,  i.  483 

of  metals,  ii.  488  lod^,  diicoTery  of,  i.  222 

SpdroiomUi  acid,  i.  278  properties  of,  i.  823 

Hlfdrometof,  Baamd^s,  degrees  of,  re-  action  of  Tarloos  gaicf  oa,  U 

daced  to  the  common  standard,  11,  •                 224 

612  forms  aa  add  gai  with  hydr». 

a^dro-mUric  acid,  I.  322  gen,  ii.  277 

Byiro^oMidoB,  1. 480  actioa  on  mnoqis,  1. 4M 
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Iodine^  salpbaret  of,  ii.  891 
photpbiiret  of,  i.  S70 
forms  an  acid  with  oxyteo,  i. 

rombiiictwith  Hitrogen,  ii.  326 

melab*  II.  483 
fomifl  an  acid  wilb  chlorine, 
i.226 
action  of  encblorine  on,  i.  224 
noture  of,  i.  226 
source  of,  i.  227 
slarcb  a  delicate  tost  of,  Ii.  247 
lodurti,  or  Iodurei$,  I.  463 

of  starch,  11.247 
ipecacuanha^  emetic  principle  of,  it. 

306 
Iridium^  ii.  151 

oxides  of,  U.  152 
analysis  of  ores  of,  Ii.  658 
Iron,  properties  of,  ii.  16 
oxides  of,  ii.  16 
hydrates  of,  ii.  20 
chlorides,  ii.  21 
salts  of,  ii.  22 
sulphate  of,  ii.  23 

ltsaseasatest,ii.502 
mode  of  ascertaining 
its  purity,  ii.  586 
per4ibttlphate  of,  ii.  23 
sub^ulphate  of,  ii.  23 
snlphlte  of,  ii.  21 
nitrate  of,  ii.  24 
moriale  of,  ii.  24 
oxalate  of,  Ii.  192 
ferro-cyanate  of,  ii.  25 
fanno-gnllate  of,  II.  28 
pliosphate  of,  ii.  25 
oxy-pbosphate  of,  11. 25 
succinate  of,  ii.  30 
acetate  of,  ii.  30 
carbonate  of,  ii.  23 
sulpburct  of,  ii.  30 
sopersulphurct  of,  ii.  31 
combination  of  carbon  with,  11.32 
cast,  or  crude,  11.  32 
malleable,  or  bar,  ii.  33 
why  wood-charcoal    preferable 
In  the  mannfacluring  of,  Ii*  33 
tiouing  of,  ii.  42 
welding  of,  ii.  140  (note  %) 
bow  to  detect  nickel  in,  ii,  160 
ICallate  of,  Ii.  204 
lb  use  as  a  test,  Ii.  502 
leparation  from  manaanese,  Ii. 

nickel,  II.  b\% 
testt  of,  Ii.  514 
analysis  of  ores  of,  ii,  553 
Zroa«moMl(ft,  II.  29 
jrtimgla$$»  11.  854 
Jitria.    See  VtMa. 

▼OL.  II.  2 


Inory,  method  of  coterinc  with  siWer, 
ii.  123 


Jetfjf,  animal.    See  tMmHm. 

vegetable,  11.  179 
JoinU,  fluid  In  the  cavities  of  the,  11, 
432 


JCsmus  mioecal,  11.73 
JCintc  acid,  11.224 
Kaumist,  11. 424 


Ltibafaiwy^  I*  1 
I^aeoe  acid,  11.222 
Xec<leacld,  Ii.  391,424 
raJtef,  how  obtained,  II.  268 
jAomf  tot  chemical  purposes,  I.  6 

safety,  1.422 
X^Mup-Mneir,  11.  455 
Lardy  Ii.  882,  384 
Latent  heat.    See  Calane. 
LateriUaui  sediment,  11.  990 
Lead,  molybdate  of,  ii.  57 

method  of  porifyiof,  11.  102 

properties  of,  11. 102 

oxides  of,  Ik  102 

chloride  of,  lU  105 

pnriflcation  of  gold  and  silver 
by,  ii.  129 

mode  of  procuring  oxygett  from 
oxides  of,  i.  205 

danger  of  kceplug  water  la,  11. 

sulphate  of,  Ii.  106 
nitrate  of,  ii.  107 

use  in  analysis,  11. 

547 
its  use  M  n  (est,  ii. 
504 
nitrite  of,  Ii.  106- 
sub-nitrite  of,  11.  106 
chloride  of,  11.105 
Iodide,  ii.  106 
chromate,  II.  60 
carbonate  of,  11. 108 

modo  of  atcer* 
taialDg  its  pu- 
rity, II.  591 
■eetole  of,  II.  108 

Its  use  at  a  tcH,  iU 

504 
modoofascertaininf 
III  purity,  II.  591 
6iib.M9ta(e  of,  IU  106 

lit  use  as  a  test* 
Ii.  357,  3eo, 
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phosphate  of,  H.  iOd 
snlpharet  of,  ii.  110 
h jdrcwBDlpharel  of,  ii.  1 10 
gummaiitt  ii.  175 
■accliarate  of,  ii.  184 
«iBjlate,  ii.  S48 
tAOnate,  ii.270 
analyiif  of  ores  of,  ii.  554 
method  of  detecting,  ii.  573 

in  wine,  ii. 
675 
soloble  in  water,  ii.  105 
Leaf'goid,  i.  400 

a  test  of  Dttre,  n.  501 
Leamington  water,  ii.  652,  653 
Lemont,  acid  of.     Sec   CiirU  Aad, 
UbavhUf  faming  liqaor  of,  ii.  38 
i>/e,  supported  by  .oxygen  gas,  i.  918 
Ugamenlt^  ii.  460 

Light,  optieal  and  chemical  effects  of, 
i.  153,  265 
what  gases  evolve  it  by  com- 
pression, i.  SOT 
reflection  of,  by  melals,  i.  459 
Lignm,  Ii.  855 

starchy,  ii.  246 
Limo,  analysis  of,  i.  558 

properties  of,  i.  553 
hydrate  of,  i.  553 
milk  or  cream  of,  i.  554 
carbonate  of,  1.  568 

tests  of,  ii.  514 
don  not  attract  carbonic  acid 

gas  when  dry,  i.  568 
solphate  of,  i.  560 

*^  tests  of,  ii.  514 

salpbite  of,  i.  569 
snlphoreC  of,  i.  567 
bydrosalphoret  of,  i.  568 
chloride,  I.  558 
snbcMoride,  I.  559 
assay  of,  i.  560 
floaie  of,  i.  565 
ferro-cyanate,i.  5^1  . 

hydrosnlphnret  of,  toslB  of,  i. 

568 
hyposulphite,  i.  668 
hydrognreted  svlpbufet  of,  i. 

568 
nitrate  of,  i.  561 
mnriate  of,  i.  557      ^       .  . 

cold  produced  by, 

1.118 
as  a  test,  Ii.  518 
oTfrnnriate  (chloride)  of,  i.  558 
chlorate  or    hyper-oxymiiriate 

of,  i.  561 
phosphate  of,  i.  566 
phospbaret  of,  i.  565 
tangsUte  of,  ii.  68 
oxalate  of,  ii.  191 


Lime,  cittat*  of.  H.  IM 
acetate  of,  ii.  349 
prussialc  of,  as  a  test,  ii.  50T 
tests  of,  ii.  514 
mode  of  determining  the  parity 

of,  ii.  595 
«lM«,  i.  568 
watery  i.  555 

nse  of,  as  a  test,  ii.  500 
LipiefiicHon,i,n2  • 

LimddSy  expansion  of,  by  heat,  i.  W 
manner  in  which  they  condoct 

heat,  i.  106 
give    out    heat    on    bccomiog 

solid,  i.  110 
absorb  gases,  i.  148 
freezing  points  of,  ii.  614 
boiling  points  of,  ii.  615 
table  of  the  expansion  of,  by 

heal,  il.  688 
tube  for  dropping,  i.  H 
Liquor  of  surfaces,  ii.  431 

PotMMgy  mode  of  determining 
il»  purity,  ii.  580 
LUkia,  or  LUhina,  discovery  of.  i.  M» 
its  properties,  i. 
550 
distingnisbed   from 
other  alkalis,  i. 
558 
carbonate  of,  i.  551 
nitrate  of,  i.  551 
sulphate  of,  i.  551 
JMhic  acid,  ii.  385 
Lithiwn,  i.  648 

chloride  of,  i.  551 
Litmus,  infusion  of,  ii.  498 

its  use  as  a  test,  II. 

493 
reddened  by  vine- 
gar, asa  test,  il. 
493 

Liwr  of  antimony,  ii.  78 
snlphor,  i.  511 

XH>a/ sugar,  preparation  of,  il.  180 

Xo^omef rile  scale,  i.  58  ;  ii.  6SS 

Logwood,  ii.  305 

Luna  cornea,  ii.  181 

Lunar  caustic,  ii*  183 

LupuKn,  !!•  308 

Luteo,  i.  9 

Lymph^  ii.  438 


Jf«dcfer,  il.  868 

lake  from,  ii.  863 
Magittery  of  bismuth,  ii.  86 
Magnesia,  analysis  of,  i.  500 
properties  of,  i.  591 
hydrate  of,  i.  591 
base  of,  i.  590 
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mode  of  as- 

certaiolng 

lis   pority, 

ii.  698 

chloride,  i.  592 

carbonate  of,  and  potassa, 

i.695 
ammoDio-pboephate,  i.  696 
sulphate  of,  and  soda,  i.  698 
potassa,    i. 
599 
•alphate  of,  i.  597 

mode  of  ascer- 
taining its  po- 
rity,  ii.  584 
SuipbSte  of,  i.  596 
ni|rate  of,  i.  593 
muriate  of,  i.  592 
triple  muriate,  I.  592 
oialate  of,  ii.  192 
citrate  of,  ii.  199 
acetate  of,  ii.  349 
tcstg  of  salts  of,  11.514 
mode  of  ascertaining  its  pu- 
rity, ii.  593 
Jf^gnefiiim,  i.  590 

maiatcfl,  ii.  208 
MagnettMm,  electro,  i«  193 
Malic  acid,  methods  of  obtaining,  ii*  205 
properties  of,  ii.  207 
the  same  with  the  sorbic 
acid,  ii.206 
MaUeaUHijf^  i.  460 
MaUha,  ii.295 
MuWng,  converts  starch  into  sugar,  ii. 

242 
Mtmgwue,  method  of  obtaining,  ii.  1 
properties  of,  ii.  2 
oxides  of,  ii.  3 
action  of  acids  oo,  ii.  6 
chloride  of,  it.  6,  8 
salts  of,  ii.  6 
gives  a  violet  tinge  to  bo- 

rate  of  soda,  ii.  9 
compound    of    its    oiide 
with  potassa  gives  dif- 
ferent     colours      with 
water,  ii.  9 
sulphvret  of,  ii.  11 
sulphureted  oxide  of,  ii.  1 1 
analysis  of  ores  of,  ii.  556 
oxalate  of,  ii.  192 
Mangatuiiaiea,  ii.  10 
JIfanfM,  ii.  182 
Markle,  i.  663 
HargarUie  add,  ii.  384 
MarU,  analysis  of,  ii.  698       „     ^  , 
Jfosf ,  meaning  of,  as  used  by  Bertbol- 
let.  i.  65 
its  iafloeDce  oo  chemical  affi- 
ni(T,  i.  56 

2t 


MMticQi,  It.  lOS 

Matekea  for  proctirlflg  lastantaiieoai 

light,  i.  516,  note 
Mathck  water,  ii.  653 
MatrM^  I  11 
Msamwes,  English,  iU  601 
German,  ii.  602 
Dutch,  ii.  602 
English,  roduced  to  French, 

ii.60S 
Swedish,  ii.  602 
old  French,  ii.  603 
modern  French,  ii.  608 
MidumUai  division,  iafloenee  of,  on 
affinity  or  solution,  i.  30 
premora.    8ee  Pnuum 
JfidiiUni,  ii.  308 
MtUutft  ii.  180 
MeimUj  ii.  300 
MeUUicBCiA,  ii.  300 
MeUing  poinU  of  solids,  ii.  614 
MemhroMM,  ii.  460 
MeMckonUe^  ii.  82 
MurcwrUU  troogb»  i.  19 

Newman's,  i.  638 
Jfercnr^,  congelation  of,  i.  125 
apparatus  for,  i.  626 
combination  of,  with  potas- 
sium, i.  612 
combination  of,  with  sodium, 

i.  540 
its  specific  gravity  increased 

by  congelation,  ii.  1 1 1 
volatilization  of,  ii.  Ill 
oxides  of,  ii.  Ill 

methods  of  ascer- 
taining their  pn« 
rily,  ii.  589 
chlorides,  ii.  113 
sttiphate  and  persulphate  of, 

ii.  115 
nitrate  of,  ii.  117 

its  use  as  a  test, 
ii.506 
sabnitrate  of,  ii.94, 117 
nitroxideof,  ii.  117 
por-nitrate  of,  ii.  117 
cyanide  of,  ii.  116 
fulminating,  ii.  117 
muriate  of,  ii.  113 

method  of  ascer- 
taining its  pu- 
rity, ii.  587 
subanriata  of,  ii.  113 

method  of  as* 
certainiug 

action  of  chlorine  oo,  Ii.  113 
alloys  of,  ii.  119 
tolphorets  of,  Ii.  118 
use  of,  at  a  test,  Ii.  501 
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Meft%ir^  OMlysii  of  ores  of,  ii.  554 

method  of  afCcrmiDing  iU 
puiily,  ii.  588 

ftpparatiu  for  frecziiig,  i.  1 14 
MtUh,    tlieir  comp»irative  power  of 
cottdociiiif  Ileal,  i.  106 

fused  and  ignited  by  electri- 
city and  pUvanisoi,  i.  174 

envBieratiott  of,  1.  451 

general  properiJei  of,  i.  457 

comparatite  ezpamibility  by 
beat,  i.  90 

table  showing  tbe  colours  of 
precipitated  by  pranlate 
of  potassa,  i.  bSS 

specific  gravities,  i.  458 

order  in  which  tliey  reflect 
light  and  heat,  i.  459 

comparatiTe  tenacity  of,  I. 
461 

chemical  properties  of,  i.  462 

ozldaiioa  of,  i.  464 

aaelhod  of  calculating  the 
oxygen  aeqnired  by,  i.  467 

proportion  of  oxygen  neces- 
sary for  the  solntion  of,  i. 
468 

diflerent  stages  of  oxidation 
of,  i.  469 

action  of  alkaline  solutions 
on,  i.  475 

reduction  of,  i.  476 

table  of  tbe  proportions  of 
oxygen  with  which  they 
combine,  i.  479 

compovnds  of  hydrogen  with. 
i.48S 
sulphur  with,  i. 

484 
solphnreted  hy- 
drogen with, 

chlorine  with, 
i.  481 

iodine  with,  i. 
483 


with,  i.  480 
carbon  with.  ii. 
490 
alloys  of,  i.  490 
tbelr  qoallties  altered  in  al- 
loys. 1.491 
clasiifleation  of,  i.494 
imaicAble,  i.  460 
use  of,  as  tests,  \U  501 
'  tcsBcitv  of  several,  1. 461 
analysto  of  orai  of,  II.  551 
coloars  of  preelpltatct  tnm. 
11.644 
MtU9rk  tlonet,  all  eootaln  iroo  «1« 
loyed  with  olckel,  il.  lOO 


MUkf  drdfiiption  and  pritpcrties  of« 
ii.  419 
vinous  fennentation  of,  ii.  494 
sugar  of,  ii.  S7S 
arid  of,  ii.  4S4 
dirrreni  kinds  of,  ii.  425 
iflMferfnu'*  spirit,  ii.  349 
Jfinero/s,   general    directions  for  tlw 

examination  of,  ii.  523 
Jfiiwraltar,  ii.  294 
pilch,  ii.  295 
waters,  analysis  of,  Ii.  487 

examination    of,    by 

re-ageau,  ii.  489 
substances    that   aay 
be  expected  in,  aad 
means  of  detediig 
them,  ii.  513 
analysis  of,    bj  eva- 
poration, ii.  515 
Dr.  Murray's  formala 
for  the  analysis  of, 
il.  819 
table  of  tbe  compositioa  of,  Ii. 

651 
yellow,  ii.  105 
Jf/fii«m,  ii.  102 
Moffat  water,  ii.  652 
Molecule^  iniegrani,  1.  36 
MQlybdaie  of  potassa,  ii.  59 
Moltfbdtnum^  ore  of,  ii.  55 

mode  of  obtaining,  ii.  &S 
properties  of,  ii.  55 
oxides  o^  ii.  56 
anal  ysis  of  ores  of,  il.  557 
Mol^iic  acid,  modeof  obtainis^,  ii.55 

properties  of,  ii.  55 
MolyjbiMU  acid,  ii.  55 
itordautU,  what,  ii.  258 
JforoxyMrncid,  ii.222 
MorpMa  or  Morphme,  ii.  279 

how    procared, 

ii.  279 
its     propertirs, 
ii.280 
Mother  of  pearl,  ii.  457 
ilfo/or«  of  electricity,  i.  187 
Mmeitage,  ii.  175 
Mueo-exiracdve  matter,  ii.  361 
Mucotu  acid,  ii.  391 
JfucM,  ii.  365 

tests  of,  ii.  366 
of  the  nose,  11.428 
Jfii^et,  i,  5 
Jf«/»ffrry  calculi,  11,450 
MuUfplet,  law  of  comMiMtion  in  ikih 
pie,  1. 44 
lllosimtod,  1. 474 
MuHMtt  of  ammmiio,  1. 40ft 
baryta,  I.  575 
bismuth,  ii.  85 
copper,  il,  90 
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Mnrtaic  of  Iron,  il.  91 
lead,  IL  105 
liar,  I.  658 
roaf  uesia,  i*  592 
inercurjr,  ii.  \\3 
polasga,  ••  508 
Mlver,  ii.  121 
•ud9.  i.  537 
ttrootia,  i.  485 
tin,  ii.  40 
sioc,  ii.  14 
Mwiaiett  tirsU  of,  il.  434 

li>peroxygenised.  Sec  CMo- 
raiet* 
MurUuk  acid,  tyntliesif  of,  i.  264 

pruceu  for  preparing, 

i.267 
its  properties,  i.  268 
Cable  of  strength  of,  i. 

278 
tests  of,  ii.  514 
inode  of  ascertaining  tlie 

purity  of,  ii.511 
oxygenixed.     See   CMh- 

rine 
gas,  mode  (if  obtaining, 
.  i.265 

propertiesof,  i.  268 
its    attraction    fur 

wairr,  i.  269 
action  of  potHssi  urn 

on,  i.  508 
becomes  liquid  un- 
der pressure,  ii. 
662 
etbt  r,  ii.  339 

table  of  the  quantity  of 
real  or  dry  muriatic 
licid  in  100  parts  of 
the  liquid  acid  at 
succcaive  specific 
gTRTiiies,  ii.  643 
Jf  uscle,  basis  of,  il.  458 

convened  into  fal,  ii.  381 
component 'parts  of,  ii.  458 
Mmeovado  sugar,  ii.  180 
JfusAroomt,    peculiar    substance    ex- 
tracted from,  ii.  302 
J/nsJca/  s«Hinds,  from  burning  hydrogen 

gas  under  a  Cube,  I.  238 
Mjfrica  fiiHru^   berries  of,   contain 

wax,  il.  275 
JV^rida,  Ii.  275 
Myrih-tcM^  ii.  V75 


N. 


NuU$f  of  animals,  ii.  460 
Ngpktkm,  if.  292 
iVapAtAaHne,  ii.  298 
NareoHe  principle,  Ii,  279 


N^nlfaUtmihti,  i.  40, 12 
Hickti,  method  of  purifying,  ii.  154 
properties  of,  11.  156 
chloride  of,  ii.  157 
ferro-cyanate,  ii.  158 
solphurets,  ii.  150 
how  to  detect  small  quantities 

of,  ii.  160 
new  experiments  on,  U.  670 
alloyed  with  iroa  in  all  «£• 

teoric  stones,  ii.  160 
analysis  of  arcf  of.  It.  555 
Nic0Hn,  11.  305 
NUraies,  teste  of,  ii.  501 
Nitrmie  of  ammonia,  i.  407 
baryU,  i.  577 
bismuth,  ii.  86 
cobalt,  ii.  80 
copper,  1.  75 ;  il.  9i 
iron,  ii.  24 
lead,  il.  107 
lime,  i.  561 
magnesia,  i.  593 
mercnry,  ii.  1 17 
potassa,  1.518 
silver,  ii.  123, 590 
soda,  i.  514 
strootia,  1.587 
tia,  ii.  39 
alnc,  ii.  14 
yUre.    See  PMmm,  nitrate  of 
Attric  acid,  1. 316 

composition  of,  1. 317 
properties  of,  1.  391 
real  acid  in«  I.  391 
table  of  strength  of,  ii. 

642 
procev  fur  preparing,  i. 

318 
pwriflcation  of,  i.  390 
in  Ite  pare  state  elastic,  U 

317 
nseofas  a  tett,  11.497 
test  of,  ii.  501 
mode  of  ascertaining  the 

purity  of,  Ii.  576 
table  of  the  proportion  of 
real  or  dry  aitric  acid 
In  100  parts  af  the  il- 
quid  acid  at  sacccsaive 
specific    gravities,    ii. 
612 
ether,  ii.  338 
oxide,  i.306 
Niiriemm^  suppoaed  base  of  nitrogen, 

mrU€M,  i.  315 

miragm  gas,  i.  280 

haw  pracarcd,  1. 281 
its  properties,  i.  282 
weight  of,  I.  282 
qnaalMy  of,  absorbed  by 
wator,  1. 258 
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with,  i.  896 
caabiMi  wilh  cblorioe, 

i.8S6 
with  iodine,  ti.  386 
gateou   oxide  of.     8ce  Ni- 
irmu  Oxide» 
NUro^mUUe  arid,  i.  3S4 
Niirotu^kmrUwdd^  il.  187 
JRfr»4Miiriofct»  bo  compovodc  properly 

so  called,  1.985 
NUrwt  acid,  i.  814 

composition  of,  i.  ^100 
■se  of  as  a  lest,  li.  497 
■lode  of  aacertaiaiiig  Um 

parley  of,  il.  576 
v^oar,  i.  814 
gas,    aciioB    oa    calpburons 
acid,  i.  386 
coBipotilioa  of,    i.  306 
qnaaiily  of  absorbed  by 

water,  i.  806 
properties  of,  i.  307 
applied  to    eodiometry, 
i.308 
.    decomposiiion  of,  i.  SI  1 
syatbesisof,  I.  311 
oxide,  i.  300 

qoantity  of  absorbed  by 

water,  i.  863 
'node    of   obtainiag,    i. 

300 
properties  of,  i.  308 
efecu  of    respiring   iff, 
i.306 
SUrcxUkot  mercary,  ii.  117 
NUrum-JtammanSf  i.  407 

of  sails,  i.  474 
Nose,  mucus  of  the,  ii.  488 
Nmdeus  of  crystals,  i.  96 


Oil,  IMpipel'saiifcnal,  ii.  455 

of  Tiiriol.    See  SulpAurie  Add^ 
of  wioe,  ii.  388 
ffai,4.419 

olive,  method  of  oscertalDlng  its 
purity,  ii,  594 
Oih,  animal,  ii.  879 

fixed,  how  obtained,  ii.  886 
properties  of,  Ii.  886 
with    alkalis    form    soap, 

11.887 
dissolve  sulphur,  ii.  887 
rendered   drying    by    me- 
tallic oxides,  ii.  888 
distillation  of,  H.  888 
combustion  of,  ii.  888 
action  of  acids  on,  ii.  889 
ipontanoops      combustion 
of,  ti.  830 


(K£r,  ▼(rtatile,  or  c<«eattal,  Ii.  890 

mode  of    detecting    their 
adalceimtion,  ii.  503 
OleJUmt  gas,  quantity  of,  absorbed  by 
water,  i.  853 
method  f»f  procuriag,    i. 

414 
properties  of,  i.  416 
acttoa  of  chlorine  on,  i. 
350 
Oleic  acid,  ii.  384 
OUnb,  ii.  307 
Onion,  juiee  of,  coatains  much  sngar, 

ii.  183 
Opufin,  constitaenff  parts  of,  ii.  879 
Ores,  analysis  of,  Ii.  551 

la  the  dry  way,  Ii. 
658 
OiYmricaad  inorganic  compounds,  dis- 
tinction between,  ii.  161 
OrpimmUf  Ii.  53 
OmMseme,  Ii.  465 
OsmiwN,ti.  158 

oxide  of,  ii.  153 
analysis  of  ores  of,  ii.  558 
Ojrafafe  of  ammonia,  ii.  190 
baryta,  ii.  191 
lime,  ii.  191 
magnesia,  ii.  198 
potassa,  ii.  189 
sodn,  il.  190 
strooiia,  ii.  191 
Oxalalet,lt.  189 

use  of,  as  tests,  ii.  497 
Oxalic  acid,  mode  of  obtaining,  ii.  186 
properties  of,  ii.  187 
composition  of,  il.  188 
fonnd    native  in  vegeta- 
bles, ii.  S81 
use  of,  as  a  test,  ii.  497 
a    poison,    when    uken 
internally,  ii.  187 
OxidalioHy  i.  810,  464 

different  stages  of,  i.  464 
OsUU^  cystic,  ii.  451 

xanihic,  ii,458 
OxidMy  how  produced,  i.  40S 

quantity  of  acid  required  for 
their  saturation  in  prepor- 
tion  to  their  oxygen,  1. 47 1 
their  solubility  proportionate 

to  their  ox>gen,  i.  471 
decomposition  of,  i.  476 
all  yield  their  oxygen  to  pot- 
assium, i.  513 
nomenclature  of,  ii.  476 
table  of  the  compositioa  of,  il. 

478 
sulphureted,  I.  484,  487 
h^drosulphureted,  {.484,  489 
bydrogureted,  sulphurets  of,  i.' 

488 
hydrated,  i.  480 
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Oxiditment,  u  464 
OxiduU,  il.  476 

Oxygen,  not    the    sole    principle    of 
acidily,  i.  Sll 
compounds    of   combustible 

bases  with,  i.  2tl 
law  respecting  the  union  of 
bodies  combined  with,   i. 
470 
proportion  necessary  for  the 
solution  of  different  metals, 
i.468 
gas,  i.  205 

procured    from    various 

substances,  i.  205 
its  properties,  i.  206 
weight  of,  i.  206 
diminished    in    combus- 
tion, i.  208 
absorbed       by       bodies 

burned,!.  208 
its    union    produces   an 
oxide,  an  acid,  or  an 
alkali,  1.211 
supports  animal  life,   i. 

212 
apparently  absorbed  by 

the  blood,  i.  212 
with      hydrogen     forms 

water,  i.  244 
quantity  of,  absorbed  by 

water,  i.  253 
combination  of  nitrogen 

with,  i.  296 
compounds    of  chlorine 
with,  i.  217 
Oxjfiodet,  i.  225 
O^j^iW/c  acid,  i.  225 
Oxyiodincy  ii.  225 
Oxymurialic  acid.     See  CMoriw. 
Oxymuriates.     See  Chlorides. 
Oxtt'phosphate  of  iron,  ii.  125 
Oxy-suiphale  of  iron,  ii.  23 

P. 

Paini^  fresh, iivjuriotts  effects  of,  ii.2Sl 

Paintings,    method     of    copying     on 

glass,  and  transferring  to 

leather  or  paper,  ii.  125 

PaUndium,  ii,  148 

oxides  of,  ii.  149 
sulpburet  of,  ii.  149 
test  of,  ii.  150 
alloys  of,  ii.  151 
analysis  of  ores  of,  ii.  558 
Paitcrca/ic  juice,  ii.  412 
PaptT^  preparation  of,  for  tests,  ii.49S 
dark  blue,  roopd  si^garolaf  Yes» 
a  tfit,  ii.  494 
PapsV« digester,.!.  J122 
PtarU,  ii.  467 
Ptarftuh,},  ^22 


Pearlash,  method  of  atcertaiiiiac  <li« 

real  quantity  of  ftlluUi  in,  i.  523 
Pearl-white,  il.  86 
Ptat,  ii.  300 
Pechblende,  ii.  74 
Pepper,  ii.  309 
Pepyf't  blow-pipe,  i.  13 
Per-ehloricacid,  i.  281 
Per-chlorides,  I.  481    , 
Per-nitrons  acid,  i.  313 
Pertphosphorom  acid,  i.  364 
Pericardium,  liquor  of  the,  ii.  481 
Peroxides,  ii.  477 
Perspiration,  flold  of,  ii«  434 
Petroleum,  ii.  294 
Pewter,  ii.  42 
PhhgUton,  i.  462 
Phosgene  gas,  i  i .  440 
Phosphate  of  iron,  ii.  85 
soda,  i.  545 
lead,  Ii.  109 
ammonia,  i.  410 
baryta,  i.  580 
lime,  i.  566 
biWer,  Ii.  188 
PhospkaOc  add,  i.  361 
Phosphori,  solar,  i.  160 
PAospAortc  acid,  1.360 

method  of  preparing, 

1.368,365 
glacial,  i.  367 
properlies  of,  i.  368 
exists  in  yegjiabtcs, 

ii.883 
testof,  ii.  507 
eiher,  ii.  331 
Phosphorous  acid,  i.  368 

properties  of,  i.  368 
Phosphorus,  its  cbaEactcr,i.3A8 

compoands  of  friio^ilftrus 

with  oxygen,  i.  368 
with  iodine,  I.  310 
nfode   of   obtmitntlg,    ii. 

368 
Baldwin's,!.  160 
Caotoo's,  i.  160 
Honberg^i,  i.  160 
liquid,  ii*  238 
tolotlon  of,  in  ether,  ii. 

336 
its  combtnolion  with  chlo- 
rine^ i.  ate 
witb  nitrogen,  i.  449 
comblacs     with     metals, 

1.489 
Bolqgaiwi    or    solar,    i. 
bU 
Pkospkmretf  of  carbon,  i.  360 
copper,  ii.99 
gold,  ii.  137 
iodine,  i.  370 
lime,  i.  365 
platinum,  ii.  144 
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Mdion,  L  540 
MlcDittn,  i.  451 
Mripbur,  i.  450 
zinc,  ii.  16 
PhotpkmnU,  metallic,  1.  489 
Pk»tpkunUd  hydrogen  ipu,  prep«r»- 

tloii  of,  i.  425 
Fh^iameUr^  i.  161 
Fienmel^  il.  413 
PkrUasia,  ii.  981 
PkKkbeek,  ii.  99 
Piperine^  ii.  809 
PttcA,  mlocral,  Ii.  995 
P«cM{»II.S95 
PUuter  of  Parte,  i.  569 
PUai9n^  Ii.  998 
PlaHmm,  ii.  189 

properties  of,  ii.  189 
oxides  of,  ii.  140 
test  of,  ii.  148 
chloride,  ii.  149 
svlphoret,  ii.  148 
sQipbate,  Ii.  144 
muriate  as  ■  test,  ii.  519 
ethereal,  solnCloa  of,  it.  81 
phospbaret  of,  ii.  144 
alloys  of,  ii.  145 
falmlnating,  ii.  145 
•  slow  coflidactor  of  caloric, 

Ii.  140 
aoalysto  of  ores  of,  ii.  551 
FlMii>««o,  Ii.  84 

■Mtbod  of  Bscerlaioiac  its 

parity,  ii.  550 
composition  of,  Ii.  89 
Phmhtr"*  solder,  ii.  48 
Pnenmato-dtonfag/  trough,  i.  15 
Ptfifons,  method  of  detecting,  ii.  561 
PoliriM<lMoflight,i.l55 

caloriic  rays,  i.  158 
Polfania,  ii.  806 
P«%dkr«tt«,  ii.  174, 804 
PorMIs  furnaces,  i.  8. 631 

soap,  Ii.  865 
Pofawa,  praparatloa  of,  i.  506 

noYcr  qnite  free  from  carlio- 
alc  acid  and  water,  i.  507 
foand  in  minerals,  Ii.  545 
properties  of,  i.  607 
hydfated,  1.606 
caUe  of  the  qnaatlty  In  solo- 
tlons  of  dlferent  gravities, 
1.606 
aanlysbof,{.497 
component  parte  of,  i.  605 
^^    '         iof,i.5Sl 

■nthod  of 
obtaining. 
i.599 
ite  nse  ata 
tMl>  ii. 
499 


Pvtossa,  sttb-carbonate,  mode  of  »s« 
certaining  Ite    parity,    ii. 
575 
bi-earbonateof,  i.594 
sulphate  of,  i.  594 

mode  of  ascer- 
taioiog  iii  pu- 
rity, ii.  588 
bt-«Blphate  of,  I.  530 
Mlphite  of,  i.  5«8 
hydro- salpboret  of,  i.  526 
hydrognreted  snlphnret  of,  i. 

586 
nitrate  of,  1. 518 

test  for,  ii.  601 
mode    of  ascer- 
taiaing  tli  pa* 
rity,  ii.  589 
nitrite  of,  i.  315 
hypoaitrile,  i.  315 
muriate  of,  i.  509 
chlorate  or  by  per-oxy muriate 

of,  i.  518 
arsenite  of,  Ii.  48 
molybdate  of,  Ii.  56 
oxalate  of,  ii.  189 
bio-oxalate  of,  ii.  189 
quadroxalate  of,  ii.  189 
citrate  of,  Ii.  198 
tartrate  of,  ii.  919. 
bi-tartmte  of,  ii.  913 

modeofaicer- 
taining  ifs 
purity,     ii. 

acetate  of,  ii.  848 

mode  of  oscertaia* 
lag   its  purity, 
li.583 
solution  of,  mode  of  j 
taining  Its  purity,  ii. 
ferrocynoate  of,  ii.  97 
as  a  test,  ii.  507 
chronmte  of^  Ii.  58 
sulphate  of  alamina, 

of,  L  609 
per-cblorate  of,  i.  517 
iodate,  i.  517 
bydriodate,  i.  517 
phosphate,  I.  595 
cyaaide,  I.  531 
hydrocyanate,  i.  581 
ferro^cyaaate,  i.  581 
Putof*  ofcommcixre,  i.  599 

method  of  nsuer- 
talnlngthercsd 
qunntlty  of  al- 
kali in,  i.  683 
J»sftMrtMli,l.497 

mode    of    procuriM,    U 
600 


.580 


a  lest 


Its  BKopertlut,  1. 60S 
aaUdifof,i.60^606 
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Pt^oMtem,  lu  action  on  water,  i.  60i 
chloride  of,  i.  508 
Iodide,  I.  509 
hydrnrets,  I.  510 
photphoret  nf,  I.  511 
bulpliuret  of,  i.  511 
aiDalgam  of,  i.  519 
alloys  of,  i.  5I« 
compouodt    with    metals. 

i.518 
reduces  all  oxidct,  i.  5iS 
action  of  sulpha reted  hy- 
drogen on,  i. 
433 
iodine  on,  i.  509 
alloy  of  tellurinm  with,  li. 
108 
PotatturUed  hydrogen  gas,  i.  510 
Potato^  analysis  of,  ii.  840 
Pot'meial^  ii.  99 
Pouge$  water,  ii.  651 
PredpUaU  per  se,  li.  1 18 

red,  it.  117 
Pridpilates,  apparatus  for  dryius;,  i. 
18 
colonn  of,  ii.  644 
PrecipUaiiom^  i.  54 

jars  for,  i.  688 
JVfMurr,  influence  on   boiling  point 
and  formation  of  Tapoor, 
i.  188 
influence  on  aSnity,  i,  60, 80 
Prlnee  Ilapert*s  metal,  ii.  90 
PHnUri  types,  ii.  73 
Proportion*  In  which  bodies  combine, 
i.  43,  63 
generally  dt-finite,  i.  43 
multiples  of  each  other,  i. 

44 
in  Yolumea  of  several  com- 
pitunds  whose  elemento 
are  gaseous,  ii.  640 
Proto-ehtoridet,  ii.  481 
Protoxidn,  ii.  477 
Pruooiim  blue,  method  of  preparing, 

ii.  86 
Plmtflaleof  iron,ii.  86 
lime,  i.  571 
pocama,  1.  631 
PtuuiaUty  triple,  i.  448 
Prtuiie  acid  obtained  from  vegeUbles. 
ii.  883 

mode  of  obtaining,  i.  441 
Aiyle  powder  of  Cassias,  ii.  136 
Pwfpmrie  acid,  ii.  388 
Put,  li.  433 

PwirofoiUion  resisted   by  charcoal,  i. 
338 
retarded    by    carbonic 
acid,  i.  345 
PyriUit  t">n»  ii-  SO 

copper^  ii*  lOa 


Pyrmont  water,  il.  651 
Pjfro-^welie  elhf  r  or  spjrif,  li.  351 
Pyrod/rJc  acid,  ii.  667 
PifroUgneouM  acid,  ii.  855,  348 

the  same  with  (be 
acetic,  ii.  855 
Pyrowiaffcacidjt.  808 
Pyromoier,  i.  90 

Wedgwood's,  I.  604 
Pjfromurovf  acid,  ii.  177 
PyropAorut,  Homberg*s,  i.  609 
Pj^ro-ter/aric  acid,  il.  817 
Pifr0-Hrjcacid,  ii.  387 


QuadroxalaU,  of  potama,  ii.  189 
Qmantiiy,  its  influence  on  affinity,  56 
9varf///(on,  ii.  138 
Quercitron  bark,  il.  863 
Quickulver.     See  Mercury, 
QuitU,  coagulated  albumen,  ii.  468 
QvfmVi,  ii.  887 

R. 

Radiant  heat,  i.  84 

RadUkee,  scrapings  of,  stain  paper  as 

a  test,  ii.  493  ^ 

JSajfs,  illuminating,  i.  156 
deoxidizing,  i.  158 
heating,  i.  156 
Ro^agentt,  ii.  489 
RemQur,  ii.  53 
Receiver^  1.  6 

tubulated,  i.  6 
quilled,  i.  7 
Red^lead^  ii.  108 
Reduction  of  metals,  i.  476 
Regutut  of  antimony,  ii.  67 
Rennet,  ii.  480 
Reeine,  vegetable,  ii.  834 

animal,  li.  ST5 
Respiration  diminishes  the  bulk  of  air 
1.893  ' 

produces  carbonic  acii,  i. 

343 
function  of,  examined,  ii. 
405 
lUte  mMConmi,  ii.  461 
RstmmphaUmmy  li.  895 
ReiorU,  i.  6 

coating  for,  i.  9, 10 
Rouerheratonf  furnace,  1. 3 
Revivat  of  metals,  i.  476 
Rhedemy,  extract  of,  ii.  866 
Rhoumpatmuium  contains  oxalic  acid. 

li.  881 
RkemndB  acid,  ii.  884 
Rhodhan^  ii.  146 

alloys  of,  II.  147 
oxidci  of,  il.  147 
aulyfi8oforcsof;iL«58 


Digitized  by  VjOOQ IC 


698 


IKDSX. 


MooMtfng  of  orei,  ii«  558 
RochelU  salt,  ii.  816 

m<Hle  of  afcerlainiog  ks 
purity,  ii.  600 
Rotadc  acid,  ii,  336,  388 
iZonn,  Ii.  234 

Itultj  GuDler's  sliding,  obc  of^  i.  53,  d. 
Rust  of  iron,  ii.  114 


SaocharaU  of  lead,  ii.  184 
Saccho-lactates,  i  L  39 1 
SacchO'laciicEicidj  ii.  391 
Safety-lamp^  cooslructioo  of   Sir    H. 
Davy*s,  i.  4S2 
principle  of  i(8  opera- 
tion, i.  423 
Sajflowtr^  ii.  262 

Saffron  J  substaore  extracted  by  alco- 
hol from,  ii.  174 
SagOt  ii.  248 
Sat  ammofdae.    See  JmrnonUt^  ravriale 

of. 
3a/ prune) le,  i.  519 
SaUfiable  base,  i.  472 
SaUfying  principle,  1. 472 
Satioa,  ii.  409 

properties  of,  ii.  409 
component  parts  of,  ii.  410 
Salt,  common.     See  SotUif  muriate  of. 
of  sorrel,    ii.  189.     See  OsaUc 

Add. 
petre.     See  Potassa,  nitrate  of. 
spirit  of.     See  Muriatic  Acid, 
Saltf,  definition  of,  i.  472 
division  of,  i.  472 
terminolo|;y  of,  i.  473 
incompatible,  not  so  nlieo  dis- 
solved in  a  large  quantity  of 
water,  ii.  520 
analysis  of,  ii.  527 
solubility  of,  in  water,  ii.  628 
In  alcohol,  ii.  631 
ioiolttble,  disunited  by  Galvan- 
ism, i.  180 
incompatible,  ii.  518,  632 
neutral,  i.  472 
Sandheat^l.aSA 

furnace  for  distUliog  by,  i.  3 
Sarcocoll,  ii.  307 
Saturatiotiy  i.  30,  40 
Scale  of  equivalenU,  t.  53 1  ii.  633 
ScaUn  of  animals,  ii.  460 
Scarlet,  solution  of  tin  used  la  dyeing, 

ii.  41,263 
SchetUU  green,  ii.  48,  563 
Seamater,  il.  522 
Sebadc  acid,  Ii.  393 
Secrttions,  animal,  ii.  408 
Sedative  salt.     See  Boradc  Add 
Sediment,  lateritioos,  ii.  390 
SddUtt  waters,  ii.  652 


geigneiU*$  aalt,  Ii.  813 

jDodc  of  aseertainiag 
itf  pwitT,  Ii.  500 
Sekmmies^  I.  391 
Se&ntcacid,  ii:392 
Selemum^  I.  391 
Seliter  water,  Ii.  651 
Sdemureted  hydrogen,  i.4S6 
Stparmtor^  I.  621 
Serosity,  ii.  398 
Servmy  ii.  397 
S€8qui-<arbQmUe  of  amnoiiia,  i.  409 

soda,  i.  544 
SkelUy  ii.  457 

SiUcOf  attempts  to  decompose,  i.  614 
method  of  obtaining,  i.  615 
properties  of,  i.  616 
doDbtfttl  whether  an  alkali  or 

an  acid,  i.  618 
affinities  for  other  earths,  i«  618 
Stltca/ed  alkali,  i.  618 

fluoric  gas,  ii-  619 
SiUtA-fluoric  acid,  i.  619 
SiUdm^  i.  614 

3Jtt,  sulphurous  acid  gas  whitens  and 
gives  lustre  to,  i.  384 
properties  of,  ii.  463 
SihtTf  properties  of«  ii«  120 
tarnisliing  of,  ii.  180 
oxides  of,  ii.  120 
chloiide  of,  ii.  121 
sulphate  of,  ii.  183 

its  use  asntett,  ii. 
508 
nitrate  of,  ii.  183 

its  use  as  a  (est,  Ii. 

508 
mode  of  ascerlaioiag 
its  purity,  ii.  590 
sobnitrate  of,  ii.  183 
muriale  of,  ii.  181 
puriication  of,  ii.  129 
horn,  ii.  121 
fulminating  compounds  of,  ii. 

186 
solvent  of,  ii.  127 
phosphate  of,  ii.  188 
alloys  of,  ii.  188 
standard,  ii.  196 
sulpburet  of,  ii.  188 
acetate  of,  Ii.  851 

use  of,  as  a  test,  ii.  508 
analysis  of  ores  of,  ii.  558 
Simhrt  ii.  99 
Sinews,  ii.  460 
Skin,  Ii.  461 
Smaftt,  ii.  88. 

Smelts,  destroyed  by  charcoal,  i.  338 
Soi9*  "*  987 

dissolved  In  alcohol,  as  a  test,  ii. 

518 
traosparenA,  ii*  887 
acid,  ii.  830 
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Soda  found  Id  mineralfl,  U.  546 

preparation  of.    See  Peta»$tu 
properties  of,  i.  536 
bydrated,  i.  536 

table  of  tbe  real  quantity  in  so- 
Intiont  of  different  gravities,  i. 
537 
analysis  of,  i.  536 
component  parts  of,  i.  536 
never  free  from  water,  i.  536 
bi-carbonate  of,  i.  543 
sob-carbonate  of,  i.  541 

its  use  as  a  test, 

ii.  Af» 
mode  of  acer- 
taining      its 
parity,  ii.  580 
sesqnicarbonate  of,  i.  544 
solphate  of,  i.  547 

mode  of  ascertain- 
ing iu  parity,  ii. 
58S 
solpliite  of,  i,  546 
hydrosulpharet  of,  i.  546 
nitrate  of,  i.  541 
muriate  of,  i.  537 

decomposed  by  oz« 

ides  oflead,ii.  106 

mode  of  ascertaining 

iu  parity,  ii.  583 

chlorate  of,  i.  540 

phosphate  of,  i.  545 

as  a  test,  ii.  510 
borate  of,  i.  544 

mode  of  ascertaining 
its  purity,  ii.  506 
snb-borate  of,  i.  544 
oxalate  of,  ii.  190 
iodate  of,  i.  541 
hydriodate,  i.  641 
seleniate,  i.  648 
ferrocyanate,  i.  548 
bin-ozalate  of,  ii.  190 
citrate  of,  ii.  198 
acetate  of,  ii.  348 
tarirateof,  ii.  815 
succinate  of,  as  a  test,  ii.  510. 
Sodium^   i.  534 

mode  of  procuring,  I.  604 
chloride  of,  i.  537 
•  iodide,!.  640 
properties  of,  i.  535 
oxides  of,  i.  536 
salphnret  of,  i.  640 
phosphnret  of,  i.  540 
amalgam  of,  i.  640 
action  of  sulpbureted  bydro« 
gen  on,  i.  433 
Stfib,  analysis  of,  ii.  599 
Solar  phosphoric  i.  160,  684 
SoOoro^  ii.  4S,  87 

SoUdSf  expansion  of,  by  heat,  i.  89 
table  of,  n.  684 


Solidtf  absorb  heal  in  becoming  liquid, 
i.86 
melting  points  of,  ii.  614 
possessing      porosity,      absorb 

gasefi,  i.  141 
point  of  volatilization  of  some, 

ii.6l5 
specific  heat  of  several,  ii.  160 
Solution  defined,  i.  31 

not  always  necessary  to  che- 
mical action,  i«  31 
experimental  lUostrations  of, 

i.  73 
effects  of  very  minute  divi- 
sion of  bodies,  i.  74 
generally   prodoces  cold,    i. 

859 
beat  sometimes  evolved  in,  i. 
859 
Sorbic  acid.    See  MaUc  Add 
Sorrel,  salt  of,  ii.  189.  See  Oxalic  Jdd, 
Soup,  portable,  ii.  355 
Spa  w'aier^  ii.  651 
Spar,  calcareous,  i.  563 
ponderous,  i.  581 
Spedjic  gravity.  See  QtavUy,  sptdfic, 

caloric.    See  Caloric^ 
Speculum  metal,  ii.  99 
Spectrum,  solar,  heat  and  light  of,  i.  156 
Speltre,  ii.  11 
Spermaceti^  ii.  881 
Spirit,  proof,  ii.  315 

of  wine,  ii.  315,593 
StalacHtee,  i.  563 

Starchy  a  delicate  test  of  iodine,  i.  887  ; 
ii.847 
converted    into  sugar  in   the 

process  of  maltim:,  ii.  848 
mode  of  obtaining,  ii.  839 
properties  of,  ii.  841 
method  of  converting  it  into 

sugar,  ii.  843 
analysis  of,  ii.  847 
iodnret  and  snb-ioduret  of,  ii. 
247 
Steam,     See    Vapour^  A^pteout,  under 
high  presmre^    latent  heat 
of,  i.  138 
does  not  scald,  i.  133 
formed  in  strong  glass  tubes, 

K.  668 
formed  at  the  bottom  of  water 

is  Invisible,  i.  116 
has  the  same  temperature  as 

boiling  water,  1. 1 16 
latent  heat  of,  I.  186,  188 
specific  gravity  of,  i.  188 
equal  weights  of,  contain  equal 
quantities  of  caloric,  i.  191 
applicable  to  the  purpose  of 

heating  bodies,  i.  135 
force  of,  at  different  tempera- 
tures, ii,  611 
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8U»in,  ii.  S83 

ateel,  method  ofgildioi^t  iL  136 

ft  campouQd  of  iron  and  carbon, 

ii.  33 
cait,  ii.  34 
new  alloys  of,  ii.  34 
Siihic  acid,  ii.  70 
Mtihwus  acid,  ii.  70 
Stiii^  common,  i.  6 
tflonef,  analysis  of,  Ii.  529 

substances,  that  may  be  expect- 
ed in,  and  means  of  leparat- 
Ins,  ii.  548 
Siroitii;  analysis  of,  I.  585 
properties  of,  i.  585 
carbonate  of,  I.  588 
sulphate  of,  i.  589 
hydrate  of,  i.  586 
hydrosulpburet  of,  i.  589 
nitrate  of,  i.  587 
mnriate  of,  i.  586 
chlorate  of,  i.  587 
oxalate  of,  ii.  191 
aceUle  of,  Ii.  350 
use  of  stroniia  as  a  te^t,  ii. 
501 
SinmHum^  i.  585 

chloride  of,  i.  586 
StryJnUm,  ii.  288 
SmbboraU  of  soda,  i.  544 
UubcarbomaU  of  ammonia,  i.  408 
lime,  i.  562 
magnesia,  1. 590 
potassa,  I.  521 
soda,  i.  541 
SMbchl0ride  of  lead,  ii.  105 
SM6er,ll.280 
Swbtrie  acid,  modei>f  obtaining,  ii.  280 

properties  of,  II.  280 
SubUmmie,  corrosive,  ii.  113 
8uMimalfon,l.314 
fin^mnruite  of  copper,  Ii.  90 
gold,  ii.  130 
mercury,  ii.  114,  588 
SubnitraU  of  mercury,  ii.  117 
silver,  ii.  123 
copper,  ii.  93 
SwhUtriU  of  lead,  ii.  108 
Smh-Mkaied  fluoric  acid,  i.  619 
SMb-nOpkaU  of  copper,  ii.  94 
Iron,  Ii.  23 
mercury,  ii.  U5 
tin,  ii  39 
3M^«ii/pA«rsf  of  mercury,  II.  118 
SubtmuutU  of  lead,  11. 270 
3ncdmil«  of  ammonia,  as  a  test,  11. 509 
iron,  ii.  239 
•oda,  as  a  test,  ii.  509 
8m€dmgU$,  ii.  938 
Sncdnie  acid,  ii.  238 

mode  of  ascertaining  tb« 
poHtyof,  11,579 
^«r,  U.  ill 


Sugar ^  preparation  of,  ii.  180 

obtained  from  si'veral  vegela* 
bics,  ii.  181 

from  grapes,  ii.  182 
from  gelailae,  ii.  356 
equivalent  of,  ii,  186 
properties  of,  ii.  183 
component  parts  of,  ii.  185 
substances  reirmbling,  ii.  186 
starch    convertible    into,    ii. 

242 
renden  nitrous  add  a  sotvcal 

i>fnianganese,ii.8 
animal,  ii.  378 
of  lead,  ii.  108 
ofmilk,ii.378 
SmiphaU  of  alumina,  i.  606 
ammonia,  i.410 
ammonia  and  magnesia,  i. 

598 
baryta,  1.  581 
bismuth,  ii.  86 
copper,  ii.  98 
iron,  ii.  23 
lead,  ii.  106 
lime,  1.  569 
lithina«  i.  551 
magnesia,  i.  597 
mercury,' ii.  115 
potassa,  i.  524 
silver,  ii.  123 
soda,  I.  .547 
strontia,  i.  589 
tin,  ii.  39 
zinc,  ii.  13 
compound,  of  magnesia  mm4 
soda,  i.  598 
amlpkatet^  tests  of,  ii.  505 
Smhkiie  of  alumina,  i.  362 
ammonia,  i.  410 
baryta,  i.  581 
lime,  1.  569 
magnesia,  i.  596 
potassa,  i.  588 
soda,  i.  546 
copper,  ii.  95 
iroB,  11.24 
lead,  11. 107 
SmipkUet,  sulphnretcd,  1. 388 
^M^Aur,  i.371 

com  pounds  of,  i.  372 
purity  of,  ii.  549 
propertirt  of,  i.  371 
preparation  of,  for  takiaf  >»- 

premlons,  i.  372 
combinaiioa  of  alcohol  wll^ 

i.872 
coatains  hydrogen,  i.  973 

oxygen,  1. 379 
combottion  of,  i.  974 
combination  of  alkalkwitliv 

1.467 
alcobol  of,  i.  451 
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Su'phuf,  combinaltoa  of  chlorine  wilb, 
1,391 
pbo«pharet  of,  i.  450 
combiuation  of  mcUiU  with, 

ii.484 
balsam  of,  it.  2t7 
bydrogurctol,  i.  435 
Sulpkuret  of  potasMum,  i.  511 
iodiam,  I.  540 
ammoDia,  I.  433,  it*  569, 

573 
lime,  i.  567 
carbon,  i.  451 
iodin«>,  ii.  391 
Sold,il.  136 
liWer,  ii.  1V8 
Belenium,  i.  455 
mercury,  il.  118 
palladium,  ii.  149 
copper,  ii.  98 
iroo,  ii.  SO 
nickel,  ii.  159 
do,  Ii.  41 
lead,  ii.  no 
line,  ii.  15 
biimulh,  ii.  87 
antimony,  ii.  7S 
afBeotr,  H.  53 
cobalt,  ii.  82 
manpineie,  il.  1 1 
mol>  bdennm,  ii.  57 
SnlpAiirfff,  alkaline,  i.  487 

use  of,  as  tests, 

11.513 
testa  of,  II.  497 
meUllic,i.484 
new  experiments  on,  I i.669 
table  of  llie  composition 

of  several,  i.  485 
hydro^oreted,  i.  435 
SulpkurHed  hydrogen,  i.  4^ 

combines   with 

oxides,  1.484 

with  metals,  i. 

488 
test  of  lead,  il. 

513 
test  of  arsenic, 

ii.  56S 

gas,qaaniityof 

absorbed  by 

water,  i.  253 

gas,   modes   of 

procnriog,  u 

430 

pronerilesof,i, 

with  alkalis 
•ad  earths 
fomt  hydro- 
snluhttrets,  U 

gas,  tesli  of,  il. 
615 


Smiphureied  sulphites,  i.  388  / 
Su^huric  acid,  i.  374 

component  parts  of,  t, 

381 
purification  of,  i.379 
deroin  position    of,    !• 

382 
manufacture  of,  i.  386 
u.«e  of,  as  a  te»t,  ii. 

496 
tests  of,  ii.  505 
method  of  aKceriaiaing 
the  purity  of,  ii.  576 
glacial,  i.  385 
real,  quantity  of,  la 
acid  of  different  den- 
Kities,  ii.  641 
ether*  ii.  387 
Sulphurized  9\coho\f  i.  372 
Sulphurous  acid,  formation  of,  i.  383 
properties  of^  i.  384 
component  parts  of, 

i.  388. 
convertible  into  sul- 
phuric acid,  i.  385 
tests  of,  ii.  513 
Sulphur  vivum,  {.371 
Sumach^  ii.  2aS 
3Na  heamu  consist  of  three  kinds  of 

rays,  i.  156 
Super-airburcted  hydrogen,  1.  414 
Super-oxtUute  of  potussa,  ii.  189 

soda,  ii.  190 
Super-Mulphale  of  mercury,  ii.  1 15 

potossa,  i.  530 
Supersuiphuret  of  iron,  ii,  31 
Super^sulphureUd  hydrogen,  i.  435 
Super-itirtrate  of  potassa,  ii.  213 

mode  of  as- 
certaining its  pv* 
riCy,  ii.  584 
Supporters  of  combostion,  i.  208}  I. 

229. 
Sympuihetic  ink*.     See  Inks. 
Ssmovia.iUiSH 
Spuihetis,  I.  41 


Tattow,  il.  382. 

Tarn,  from  galls,  il.  265 
how  obtained,  ii.  264 
properties  of,  ii.  267 
analysU  of,  ii.  270 
action  on  gelatine,  il.356 
quantity   afforded    by  diflnvaC 

barks,  ii.267 
artificial  formatloa  of,  270 

TauMie  of  Iron,  il.  28 
lead,  il.  270 

^fffiMlR,  11. 264 

Tafmo-golatine,  ii.  268,  857 

TmOuhtm  the  sane  with  colanblam. 
ii.  63  ' 

Ttf|noar,  ii.  249 
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ir«f»  mlo^raly  11. 894 
Tartoff  cream  of,  ii.  913 

cttctic.     See   Aniimonjfy  tar<- 

tarized 
Mlable.    See  Poiaiuij  lartrate 

of 
▼itriolaCed.     See  PotasMa^  sul- 
phate of 
Turiaric  acid,  mode  of  obtaiDing,  ii. 
209 
pffopertiet  of,  ii.  21 1 
may  be  cooveited  into 
oxalic  aad  acetic,  ii. 
211 
analyib  of,  ii.  212 
combinatioDs     of,     il. 

213 
mode  of  ascertaiiiiog  the 
parity  of,  U.  578 
TariTMie  of  potama,  ii.  212 

mode  of  ascertaio- 
iog  its  purity,  il. 
584 
aud  soda,  ii.  216 
mode  of 
ascertaiuiuf  its 
purity,  ii.  584 
Tutn,  Ii.  429  * 
Teeih,  ii.456 
TtUuratet,  Ii.  101 
TellurtUd  hydrogen  gat,  ii.  102 
TMurhtm^  ii.  100 

acidlfiabie,  ii.  100 
analysis  of  ores  of,  ii.  557 
compound      of    hydrogen 

with,  ii.  101 
alloy  of  potassiam  with,  i. 
102 
SVmperaftire,  change  of,  produced  by 
chemical  union,  i.  42 
influence  of,  on  chemical 

affinity,  i.  60 
what,  i.  81,  88 
method  of  ascertain! na, 
i.  81  ' 

change  of,  prodnced  by 
solution,  i.  259 
TenacUy  of  different  metals,  i.  461 
Temlons,  ii.  460 
Terra  japoR<ca,ii.  174 
TetU,  ii.  489 
Thermometer^  1.  81 

Brq^vet's,  i.  90 
Danlell*s,  i.  90 
Wollaston^s,    for    mea- 

sming  heights,  119 
iti  construction,   i.  90, 

91,94 
its  rise  nearly  in  the  ratio 
of  the  increase  of  heat, 
1.98 
rule  for  reducing  gases 
to  a  given  hdght  of 
the,  1.28 


Tktfmtmdef^  air,  U  91 

dilTereatlal,  LOS 
glhsrwem<lfi's,  varioas,corfcipondeiice 

betf»ecD,  ii.  612 
Tkoraac  duct,  fluid  in  the,  ii.  426 
TAorMM,  I.  610 

how  prepared,  i.  610 
properties  of,  I.  611 
In  what  respacts it  differs  from 
other  earths,  i.  612 
Tlhi,  chlorides  of,  ii.  88. 

precipitatioaof  gold  by,  ii.  136 
mariate  of,  beat  test  of  platiaam, 

ii.  143 
properties  of,  IL  3ft 
oxides  of,  ii.  36 
hydrates  of,  ii.  37 
amalgam  of,  ii.  42 
sttlplmte  of,  ii.  89 
snbsulphate  of,  ii.  39 
nitrate  of,  ii.  39 
muriate  of,  Ii.  40 
nitroHDuriate  of,  ii.  41 
acetate  of,  Ii.  41 
tartrate  of,  ii.  139 
sulphuret  of,  ii.  41 
alloys  of,  ii.  42 

action  of  arsenic  acid  on,  Ii.  52. 
analysis  of  ores  of,  ii.  553 
nncal,  i.  544 
Thudng^  wet,  ii.  141 
Tiimditm,  11.82 

how  obtained,  ii.  82 
properties  of,  ii.  82 
analysis  of  ores  of,  ii.  557 
Tabauot  peculiar  principle  of,  ii.  305. 
Twnhmt,  ii.  99 
Treade,  ii.  180 
Triioxide$,  i.  477 
Tube  of  safety,  i.  8 

dropping,  i.  11 
7\AeM,  long  or  crooked,  joint  for  anit- 

ing,  I.  627 
TW^ff,  siagnlar    substance  from  tbe 

pollen  of,  ii.  306 
Ttmbridgv  water,  ii.  654 
Tumgttate  of  lime,  ii.  62 
TVmfslen,  mode  of  obtaining,  it.  60 
characters  of,  ii.  61 
sulphuret  of,  ii.  62 
oxides  of,  ii.  62 
aaalysis  of  ores  of,  il.  557 
TkngHicBcid,  mode  of  obtaiaiag,  11. 62 

properties  of,  ii.  62 
7W6JM  mineral,  11.115 

mode  of  atcertaiaUis 
its  purity,  ii.  390 
2nH/,li.300 
Tmrmerie^  as  a  dye,  ii.  263 

paper  and  tincture,  as  tcata» 
ii.  494 
2ViyM«iie,  oil  of,  ii.  232 

converted  into  a  kiaA  of 
camphor,  11.238 
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TypHf  metal,  li.  7d 

U. 

Uhnin,  li.  SOS 

Urantftim,  ii.  74. 

analysii  of  ores  of,  li.  556 

Urates,  ii.  3S6 

Urea,  method  of  obtaioing,  ii.  371 
properties  of,  ii.  374 
alters  the  form  of  some  muriates, 

ii.  375 
elements  of,  ii.  375 

Uric  tiCidf  ii.  885 

Urine,  sogar  found  in,  ii.  379 
gravel  in,  ii.  447 
calculi  in,  ii.  445 
lateritions  sediment  of,  ii.  390 
properties,  ii.  434 
analysis  of,  ii.  435 
salts  of,  ii.  437 
animal  fluids  in,  ii.  439 
composition  of,  ii.  443 
putrefaction  of,  ii.  443 
changes  of,  in  diseaMi,  ii.  443 
of  differenC  animals,  ii.  444 


rinctmm,  cooling  of  bodies  lo^   i.  83, 
101 

boiling  in,  i.  118 
evaporation  in,  i.  131,  133 
Tiipottr,  caloric  the  cause  of,  i.  1 16 

aqueous,  in  gases,  corrections 
for,  i.  25 

quantity  and  force  of,  same 

in  air  as  in  vacuo,  i.  121 

influence  of  pressure  on,  i. 

122 
elasticity    of,    at    dtiferent 
•      temperatures,  i.  123 
density  is  as  its  elasticity,  i. 

194 
force  of,  in  the  atmosphere, 

i.257 
table  of  its  force,  ii.  617 
Vapaurt,  mixtures  of  with  gases,  ii. 
483 
elastic  force  of,  i.  124 
latent  heat  of,  i.  Ii5 
ramUhes^  ii.  235 
VauqueUne,    See  Strychnia    . 
Vegetable  acids.     See  jtcids 
extract,  ii.  172 
jelly,  ii.  179 
substances,  ii.  161 

result     of     the 
spontaneous 
decompositioD 
of,  ii.  S\0 


y^eiahktf  growth  of,  ftfected  by  caf« 
bonic  acid,  I.  845 
pro;timate  principles  of,  il. 

161 
general  laws  respecting  the 

composition  of,  ii.  171 
aoids  found  native  In,  ii. 

194 
fixed   oils  obtained  from, 
ii.2S6 
Veratria^  ii.  286 
Verdegrit^  ii.  97 

mode  of  ascertaining  the  pu- 
rity of,  ii.  591 
distilled,  ii.  97,344 
Verditer^  ii.  95 
Vermilion,  n.  118 
Vinegar,  ii.  341 

distilled.     See  jiceiont  ^dd     < 
radical .    See  ActiU  Add 
Vinous  fermentation,  ii.  310 
FtoMs,  tyrup  of,  as  a  test,  ii.  493 

test  of  its  genuine- 
ness, ii.  493 
pickle  of ,  ii.  495,  note 
Viiriidy  blue.     See   Copper,  sulphate 
of 
green.    See  /roa,  sulphate  of 
white.     See  Zinc,  sulphate  of 
oil  of,  table  of  the  quantity 
of,    and   of   dry   sulphuric 
acid  in  100  parts  by  weight 
of  diluted  acid  at  dtflferent 
densities,  ii.  641 
VoUf^s  eudiometer,  i.  236 

pile,  i.  167 
VohtmeSf  theory  of  combination  by,  i. 
52 
proportions  in,6f  several  com- 
pounds whose  elements  are 
gaseous,  ii,  640 

W. 

Water^  supposed  not  to  conduct  heat, 

i.  108 
is  a  $luw  conductor,  i.  109 
quantity  of  coal  required  to 

evaporate,  i.  127 
composition  of,  i.  244 
proportion  of  the  elements  of, 

i.  247 
analysis  of,  i.  250 
properties  and  eifects  of,  i.  252 
contains  air,  i.  252 
quantities  of  gases   absorbed 

by,  i.  253 
contained   in  the  atmosphere 

in  the  driest  weather,  i.  254 
Holidified  in  various  solids,  i, 

258 
bow  itteined^  1.853 
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Waiet^  change  of   (rmperatore    pro-* 
duced  by  solution  of  bodiet 
fn,  i.  259 
during  solution  gi?c8  ont4iir, 
and  has  its  bulk  altered,  i. 
859 
has  its  sol  vent  power  increased, 
by  diminishing  the  pressure, 
L260 
expands  by  cold,  I.  261 
decomposed  by  galvanism,  I. 

116 
formed  from  its  elements  by 
the  intervention  of  charcoal, 
i.SSl 
apparatus  for  showing  the  com- 
position of,  i.  244 
apparatus    for    showiag    the 

decomposition  of,  1.  250 
danger  of  leaden  vessels  for, 

1i.  105 
table  of  its  expansion  by  heal, 

ii.622 
solubility  of  salts  in,  ii.  620 
sea,  analysis,  ii.  522 
JVatvrt,  mineral.    See  Mineral  iVtden 
Wax,  ii.  273 
Waghtt,  English,  ii.  6^1 

reduced  to  French, 
603,  608 
German,  ii.  602 
Dutch,  ii.  602 
Swedish,  Ii.  602 
old  French,  11.  60S 
modern  French,  ii.  608 
absolute,  of  gases,  1.  19 
Welding,  ii.  140,  note 
WeUkcrU  tube  of  safety,  i.  8 
WtUtinning,  ii.  141 
JVheat,  Ii.  247 
fFAejf,  Ii.  42S 

White,   how    produced    on   a   black 
ground  In  calico  -printing, 
ii.26S 
lead/  Ii.  106 

mode  of  ascertaining  its 
purity,  11.  591 
Wind-furnace,  i.  2,  652 
Wme.  tests  of  the  presence  of  lead  in, 
ii.  575 
oil  of,  ii.  328 


FTinf ,  table  of  quantities  of  alcohol  ill 

various  sorts  of,  il,  313 
Witts^  tenacity  of,  i.  461 
Wolfram,  ii.  62 
Wood,  quantity  of  charcoal  airordc4 

by  different  kinds  of,  i.  320 
Woods  fibre,  Ii.  255 
H^ool,  ii.462 
Womlfe'9  apparatus,  i.  7,  625 

X. 

Xanikic  oxide,  ii.  452 
XanihogtM^  Ii.  665 

Y. 

Yellow^  mineral,  or  patent,  ii.  106 

dyes,  ii.  263 
YUria,  i.  601 

method  of  obtaining,  i.  601 

its  properties,  I.  601 

preciuitated  by  prnsslites,  ii. 

Z. 

Zaffre,  ii.  82 
Ztro^  absolute,  i.  88 
Zimome,  ii.  252 
Zinc,  ii   II 

alloys  of,  ii.  11 

puri6catlon  of,  Ii.  1 1 

properties  of,  Ii.  12 

chloride  of,  ii.  12 

iodate,1i.  IS 

oxide  of,  modes  of  ascerlalainir 
the  purity  •of,  ii.  590 

solution  of.  In  hydrogen  gai,  ii. 
IS 

sulphate  of,  11.  13 

nitrate  of,  Ii.  14 

muriate  of,  11.  14 

oxidised  and  dissolved  by  alka« 
lis,  ii.  15 

sulphoret  of,  ii.  15 

phosphuret  of,  ii.  16 

analysis  of  ores  of,  ii.  554 
Zirconia,  method  of  obtaining,  I.  612 

its  properties,  I.  613 
Zirconittm,  I.  611 
J?oonir  acid,  11.393 
Zumic  acid,  ii.  224 
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